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Computer programs f o r  b a t c h e d  a s s o c i a t i v e  s e a r c h  o f  t h e  
NASA coordinate-indexed document col lect ion have been prepared 
and  tes ted.   Cooccurrence  counts   for   the  approximately 18,000 
terms used to  index  about  100,000 documents were obtained and 
a s soc ia t ion  - t r i ce s  based  on va r ious  subse t s  of these  counts  were 
developed. One Sec t ion  of the  r epor t  desc r ibes  the  sys t em as  a 
whole;  the remainder is focused on  a d i scuss ion  of  the  behavior  of  
the system observed during tes ts  of t h e  programs. 
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PART I 
APPLICATION OF STATISTICAL  ASSOCIATION  TECHNIQUES 
FOR THE NASA  DOCUMENT  COLLECTION 
SUMMARY 
A .  Background 
When our work on t h i s  p r o j e c t  b e g a n ,  t h e  p o s s i b i l i t y  o f  u s i n g  
s t a t i s t i c a l  a s s o c i a t i o n  t e c h n i q u e s  i n  document searching  opera t ions  
and other mechanized documentation activit ies was r ece iv ing  cons ide rab le  
p u b l i c  a t t e n t i o n .  Numerous research  groups were a c t i v e  i n  t h e  a r e a .  
Many of  these  were r e p r e s e n t e d  a t  t h e  C o n f e r e n c e  o n  S t a t i s t i c a l  A s s o c i a -  
tion Techniques for Mechanized Documentation(') which was h e l d  i n  
Washington, D.C.,, a t  about   tha t   t ime.   Severa l   hundred   inves t iga tors  
were p resen t  t o  d i scuss  the  r e su l t s  o f  e f fo r t s  ove r  t he  p reced ing  few yea r s .  
S ince  those  ear ly  days  of  imagina t ive  explora tory  inves t iga t ion ,  the  
pace  of  publ ica t ion  and  the  ra te  of  apparent  progress  has  not iceably  
slackened.  Indeed, i t  has seemed t o  some t h a t   i n v e s t i g a t i o n   o f   t h e   s u b j e c t  
has  largely  been  completed,  even  abandoned. But the   ex te rna l   appearances  
are misleading. The a c t i v i t y  i n  t h e  f i e l d  h a s  r e c e n t l y  b e e n  d e v o t e d  t o  
conso l ida t ion  -- i n  o u r  c a s e ,  a gear ing up t o  t r e a t  t h e  problems of very 
l a r g e  document collections.  This  developmental  work,  which i s  of l i t t l e  
i n t e r e s t  i n  i t s e l f ,  i s  n e v e r t h e l e s s  a n  i n e v i t a b l e  s t e p  i n  moving r e sea rch  
i d e a s  t o  t h e  p o i n t  o f  p r a c t i c a l  t es t .  
The p r i n c i p a l  o b j e c t i v e  of the work reported here  was t o  c r e a t e  a 
set of  computer  programs capable  of  pract ical  associat ive processing of 
NASA's growing  document c o l l e c t i o n .  The secondary  object ive w a s  t o  p r o c e s s  
the col lect ion with these programs,  exhibi t ing the achievement  of a 
c a p a b i l i t y  t o  p e r f o r m  a s s o c i a t i v e  s e a r c h  of t h e  c o l l e c t i o n .  F i n a l l y ,  
a t h i r d  o b j e c t i v e  was t o  l e a r n  what w e  cou ld  abou t  t he  use  o f  s t a t i s t i ca l  
a s s o c i a t i o n s  i n  a l a r g e  c o l l e c t i o n ,  by assess ing  the  exper ience  ga ined  
dur ing  l imi ted  tes t  opera t ion  of  the  sys tem.  
Our work, though delayed, has been successful on a l l  t h r e e  c o u n t s .  
A sys tem of  programs for  assoc ia t ive  process ing  in  la rge  co l lec t ions  i s  i n  
ex i s t ence .  An e x h a u s t i v e  f i l e  o f  term co-occurrence  counts   (a l l  terms used 
i n  n e a r l y  100,000 documents)  has  been  prepared.  Associative  search  of  the 
col lect ion  has   been  conducted.  The s y s t e m  s t a n d s  r e a d y  f o r . t e s t ,  w i t h  
e x t e n s i v e  f a c i l i t i e s  b u i l t - i n  f o r  f l e x i b l y  a d j u s t i n g  t h e  p a r a m e t e r s  of t h e  
sys t em (a s soc ia t ion  fo rmula ,  i n t e rven t ion  s t r a t egy ,  mode o f  u s e ,  e t c . )  t o  
accommodate the  needs  e i the r  o f  i nves t iga to r s  o r  of system implementers. 
Th i s   r epor t  is  o r g a n i z e d  i n  t h r e e  p a r t s .  The Summary (Pa r t  I) i temizes  
p r inc ipa l  r e sources  tha t  have  been  c rea t ed  and states our  conclusions.  
Pa r t  I1 i l l u s t r a t e s  t h e  o p e r a t i o n  o f  t h e  a s s o c i a t i v e  r e t r i e v a l  s y s t e m  
and r e l a t e d  t o p i c s ,  a n d  P a r t  I11 c o n t a i n s  t h e  d e t a i l e d  t e c h n i c a l  d e s c r i p t i o n  
of the complete system w e  prepared. 
1 
B .  Tasks 
1. ProgramAll   Associat ive  Processing  System  for  NASA, 
complete system contains about 20 major programs and a dozen 
The I B M  7090/94 i s  used  for  cent ra l ized  f i le  main tenance  and  
- - The 
minor ones. 
t h e  
IBM 1401/1410 i s  used   for   decent ra l ized   search ing   opera t ions .   This  
sys tem can  be  appl ied  to  most ex is t ing  la rge-sca le  co-ord ina te- indexed  
r e t r i e v a l  c o l l e c t i o n s  t o  p r o v i d e  a supplementary  assoc ia t ive  process ing  
c a p a b i l i t y .  The  programs a r e  d i r e c t l y  a p p l i c a b l e  t o  s y s t e m s  which a r e  
organized  for  tape  searching  of  a Linear  F i l e .  
The f o u r  p r i n c i p a l  components  of this  system of  programs are  
summarized i n  t h e  a t t a c h e d  f i g u r e  and  below: 
i )   F i le   Genera t ion   (Convers ion)  
The programs accept the Linear File -- a s e t  of s e q u e n t i a l l y -  
ordered term-indexed document citations on magnetic tape -- and produce 
four   p r inc ipa l   ou tputs :   (a )   , a   re - format ted   L inear  F i l e  which  contains 
the  document -descr ip t ive  mater ia l  on ly  (not  the  te rms) ,  (b)  a compact 
encoding of the assignments of index terms (employing term numbers), 
( c )   d i c t iona r i e s   o f   t he   t e rms   u sed ,   r eco rd ing   t he i r   u sage   f r equenc ie s ,  
and (d) a f i l e  o f  t he  t e rm co -occur rence  coun t s  fo r  a l l  pa i r s  o f  t e rms .  
These  programs w i l l  handle  co l lec t ions  of  one  mi l l ion  documents  indexed 
by up to  32 ,000  d i f f e ren t  terms. 
i i )  Updating  Programs 
To accommodate new a c c e s s i o n s  t o  t h e  c o l l e c t i o n ,  a r e l a t e d  set  of  
programs i s  provided which converts the new segment  of  the Linear  Fi le  to  
the  formats   used  in   this   system  and  updates   the summary f i l e s :  t h e  
term-usage counts are augmented, the dictionaries used are supplemented by 
new terms  introduced, and t h e  term co-occurrence  counts  are  updated.  These 
programs fo r  f i l e  ma in tenance  a re  in t ended  fo r  cen t r a l i zed  ope ra t ion  and 
p r i n c i p a l l y  u s e  t h e  I B M  7090/94 .  
i i i )   A s s o c i a t i o n   M a t r i x   P r o c e s s i n g  
The term co-occurrence counts ,  together  with term usage frequency data 
a r e  meant t o  be  pe r iod ica l ly  sub jec t ed  to  Assoc ia t ion  Mat r ix  p rocess ing .  
For th i s  purpose ,  p rograms have  been  prepared  for  f lex ib ly  se lec t ing  
por t ions   o f   the   comple te   f i l e   o f   co-occurrence   da ta   for   p rocess ing .  The 
c a p a b i l i t y  t o  c a l c u l a t e  b o t h  f i r s t  and higher  generat ion associat ions has  
been  included.   Because  the  s ize  of t he   da t a   base  i s  ve ry   l a rge ,   t hese  
programs  have  had t o  b e  d e s i g n e d  b o t h  f o r  i n v e s t i g a t i v e  f l e x i b i l i t y  and 
good opera t ing  e f f ic iency .  Assoc ia t ion  mat r ices  of  d imens ion  3000 x 3000 
can  be  processed  by a l l  programs.   In   addi t ion,  most of  the  programs  are 
a v a i l a b l e  i n  a r e v i s e d  v e r s i o n  i n  which t h i s  l i m i t a t i o n  i s  removed t o  
permit  the use of matrices  of  dimension up to  32,000.  Both rectangular  
2 
(ONGOING OPERATIONS) 
3 
and square matrices can be employed and a v a r i e t y  o f  a s s o c i a t i o n  
formulas  can  be  incorpora ted  in  l ieu  of  those  now programmed. These 
programs a l l  ope ra t e  on  the  IBM 7094. 
i v )   R e t r i e v a l  Programs 
Des igned  for  decent ra l ized  opera t ion  on t h e  IBM 1401 ,  t he  r e t r i eva l  
p rocess   ope ra t e s   i n  two phases .  The f i r s t  phase  computes  association 
p ro f i l e s  i n  r e sponse  to  que r i e s  t ha t  a r e  p re sen ted  a s  (uns t ruc tu red )  sets 
of  weighted terms. Mul t ip l e  r eques t s  a r e  p rocessed  concur ren t ly ,  and  the  
o u t p u t  p r o f i l e s  a r e  p r e s e n t e d  as l i s t i n g s  o f  a s s o c i a t e d  terms, arranged 
w i t h  t h e  most c lose ly  a s soc ia t ed  t e rms  a t  t he  head  o f  t he  l i s t .  This  
program uses  the  a s soc ia t ion  ma t r ix  cen t r a l ly  deve loped  on t h e  I B M  7090/94 
and term d ic t iona r i e s  t ha t  a r e  cen t r a l ly  kep t  up - to -da te .  Assoc ia t ion  
matrices of dimension up to 32,000 can  be  used  in  gene ra t ing  a s soc ia t ion  
p ro f i l e s  w i th  the  1401  r e t r i eva l  p rog ram;  ma t r i ces  beyond 6,000 rows 
a r e  cumbersome on t h e  1401. 
An o p t i o n  f o r  i n t e r v e n t i o n  i s  provided between Phase I and  Phase 11. 
A t  th i s  po in t ,  the  prof i le  can  be  inspec ted  and  the  most d e s i r a b l e  
a s soc ia t ions  se l ec t ed  be fo re  p roceed ing  wi th  the  document search phase.  
Phase 11, also conducted on t h e  IBM 1401,  uses  the prof i les  prepared 
in Phase I for weighting documents,  and the  f ina l  p roduc t  i s  a ranked 
l i s t i ng  o f  s e l ec t ed  documen t -de f in ing  ma te r i a l  drawn from t h e  o r i g i n a l  
Linear   Fi le .   This   program i s  des igned  fo r  e f f i c i ency  in  us ing  the  small, 
slow, IBM 1401  machine  for  searching a v e r y  l a r g e  c o l l e c t i o n .  Programmed 
limits a r e  one  million  documents  indexed by 32,000 terms. While  searches 
of 100,000 documents a r e  time-consuming with the 1401 computer, they 
are f e a s i b l e .  The e x i s t i n g  programs a l s o  o p e r a t e  on faster  machines,   however.  
2 .  Process  the  NASA Document Data  Base. - The e n t i r e  NASA c o l l e c t i o n  
i n  e x i s t e n c e  a t  t h e  i n i t i a t i o n  o f  o u r  work (almost 100,000 documents) 
was processed by the  conversion  program. The p r i n c i p a l  r e s u l t i n g  f i l e s  
were : 
a )  Term co -occur rence   coun t s   fo r   a l l   t he  terms (about 18,000) 
i n  t h e  NASA vocabulary,   including  the  "published"  terms.  This i s  a major 
f i l e  and is  t h e  most important body of  da ta  genera ted  dur ing  th i s  work. 
b)   Dic t ionary   t apes   (and   l i s t ings)   showing term usage 
f r e q u e n c i e s  f o r  a l l  terms, both alphabet ical ly-ordered and frequency-ordered.  
c )  A square  Association  Matrix (1000 x 1000) was der ived from 
the  co-occurrences  of   the  most f requent  terms i n  t h e  c o l l e c t i o n .  T h i s  m a t r i x  
was subsequent ly   used   for   re t r ieva l  tests on the  1401.  The Associat ion 
formula  used was f a b l f a  - fb where fab is  the co-occurrence count of 
two terms a and   b ,   and   fa ,   fb   a re   the   ind iv idua l  term frequencies .  Over a 
h u n d r e d  p r i n t e d  p r o f i l e s  f o r  s h o r t ,  medium, and long requests were derived 
from th i s  a s soc ia t ion  ma t r ix .  Samples  o f  ou tpu t  appea r  i n  Pa r t  11. 
4 
d) A rectangular  Associat ion Matr ix  (100 x 18,000)  showing 
f u l l  p r o f i l e s  f o r  t h e  terms i n  t h e  f r e q u e n c y  i n t e r v a l  222 - 244. The 
same assoc ia t ion  formula  as be fo re  w a s  used.  Several   dozen  printed 
p r o f i l e s  were der ived from this  matr ix  and s tudied.  Two p r o f i l e s  i n  
p a r t i c u l a r  w e r e  s tudied in  depth and rearranged into alphabet ic ,  f requency-  
ordered, co-occurrence count ordered, and o t h e r  l i s t i n g s  f o r  i n s p e c t i o n .  
Samples of output appear i n  Pa r t  11. 
e)  Another  rec tangular  Assoc ia t ion  Matr ix  (88 x 18,000) was 
prepared for  88 terms ind iv idua l ly  se l ec t ed  by  NASA as i n t e r e s t i n g  f o r  
thesaurus-study  purposes.  The Association  formula  used was  fab/ d r k ;  
terms with low co-occurrence counts and low frequency were eliminated. 
A spec ia l  p r in tou t  o f  t he  88  x 18,000 co-occurrence count matrix w a s  
p repared  for  re ference .  A s p e c i a l  p r o f i l e  l i s t i n g  o f  t h e  t o p  200 assoc ia t ed  
terms  for   each  of   the  88 terms was also  prepared.   Samples   of   output   are  
g i v e n  i n  P a r t  11. 
f )  An Assoc ia t ive  Search  of  the  100,000-document c o l l e c t i o n  was 
conducted using a l i v e  r e q u e s t , t h a t  had been processed routinely by the 
NASA F a c i l i t y .  P a r t  I1 con ta ins  a d e s c r i p t i o n .  
3 .  Limited Test Operation. - Tria l   opera t ions   were  a small   but 
s i g n i f i c a n t  p o r t i o n  o f  o u r  e f f o r t s .  They were aimed p r i n c i p a l l y  a t  
determining that the programs were producing the behavior expected of an 
a s soc ia t ive   p rocess ing  sys tem.  The t e s t   o p e r a t i o n s  showed the   fo l lowing:  
i) They demons t r a t ed  the  capab i l i t y  o f  t he  a s soc ia t ive  p rocess  
t o  expand the  vocabulary  of a s ea rch  p resc r ip t ion ,  t o  hand le  uned i t ed  
f u l l - t e x t  r e q u e s t s  from the  o r ig ina l  r eques to r ,  and  to  sugges t  t e rmino logy  
su i t ed  to  na r rowing  a sea rch  and  making it  s p e c i f i c .  
i i )  They demonst ra ted   the   feas ib i l i ty   o f   conduct ing   assoc ia t ive  
s e a r c h  i n  a ve ry  l a rge  co l l ec t ion ,  h igh l igh t ing  the  g rea t  ea se  wi th  wh ich  
term prof i les  can  be  prepared .  
i i i )  They he lped  to  c l a r i fy  the  ad jus tmen t s  and choices  of  parameters 
app l i cab le  to  us ing  the  t echn iques  wi th in  NASA's ope ra t iona l  con tex t .  
The t e s t  ope ra t ions  a l so  invo lved  seve ra l  subs id i a ry  inves t iga t ions  
of i n t e r e s t  which included: 
i v )  A p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  d i f f e r e n t  
a s soc ia t ion  fo rmulas  on  the  cha rac t e r  o f  p ro f i l e s  gene ra t ed  fo r  t he  ve ry  
l a rge  ( and  occas iona l ly  ve ry  t echn ica l )  NASA vocabulary.  
v )  A pre l iminary   inves t iga t ion   of   the   usefu lness   o f   second-  
gene ra t ion  a s soc ia t ions  wi th in  the  NASA con tex t .  
Discussions of  all of t h e s e  t o p i c s  a p p e a r  i n  P a r t  11. 
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C. Resources Now Ava i l ab le  
Our  work has  r e su l t ed  in  the  c rea t ion  o f  s ign i f i can t  r e sources  
whose e x p l o i t a t i o n  i n  NASA's  o p e r a t i o n a l  act ivi t ies ,  as w e l l  as w i t h i n  
operational and developmental  documentation ac t iv i t ies  in  o the r  o rgan-  
i z a t i o n s  , d e s e r v e s  s i t u a t i o n a l  a p p r a i s a l :  
1. The a v a i l a b i l i t y  o f  a comprehensive and well-tested set of  
computer  program packages for  associat ive retr ieval  processing of  any 
ava i l ab le   coo rd ina te - indexed   co l l ec t ion  is  noteworthy. The t o t a l  
programming and developmental investment i n  these  packages  r ep resen t s  
an investment which need not be duplicated by o ther  organiza t ions  wish ing  
to  exper iment  wi th  assoc ia t ive  process ing .  
2 .  The well-developed set  of  IBM 1401-compatible   associat ive 
searching programs now in  use  i s  t h e  t h i r d  r e - d e s i g n  of t h i s  p o r t i o n  o f  
the  program  package. It is  w e l l  s u i t e d  t o  f i e l d  t e s t i n g  o f  a s s o c i a t i v e  
process ing  us ing  the  NASA c o l l e c t i o n ,  and to  ope ra t ion  by i n t e r e s t e d  
p a r t i e s  w i t h o u t  e x t e n s i v e  t r a i n i n g .  
3 .  The set of term associat ion  measures  computed (o r   r ead i ly   computab le )  
among the 18,000 terms i n  t h e  NASA c o l l e c t i o n  i s  a major  resource.  The 
d a t a  set  i s  poten t ia l ly  useable  wi th in  such  under tak ings  as (a> automatic  
thesaurus  compilat ion,   (b)   associat ion-guided  searching,   (c)   s tudies   of  
indexing vocabular ies ,  and (d)  work  on se lec t ive  d isseminat ion  sys tems.  
4 .  S e t s  of support ing  computer   programs  and  re la ted  s tudies ,   each 
o f  which h a s  p o t e n t i a l  r e l e v a n c e  t o  f u t u r e  a p p l i c a t i o n s .  A number of 
i n i t i a l  i n v e s t i g a t i o n s  h a v e  b e e n  made i n t o  r e l a t e d  a r e a s  o f  a s s o c i a t i o n -  
a ided document r e t r i e v a l ,  and these may he lp  provide  a base on which t o  
b u i l d  more careful   explorat ions.   For   example,   programs  which  automatical ly  
index  abs t rac ts  and  feed  the  resu l t ing  "Linear  F i le"  in to  the  present  
associat ive system have been prepared and the  r e su l t s  eva lua ted .  (See  Ref .  1 2 )  
D .  Findings 
1. Overa l l .  - Our o b s e r v a t i o n s   d u r i n g   t r i a l s  of the   sys tem's   opera t ion  
have reinforced our view t h a t  the  use  of  te rm assoc ia t ions  holds  grea t  
p romise   fo r   improv ing   t he   cos t / e f f ec t iveness   o f   r e t r i eva l   s ea rch ing .   Whi l e  
our  opera t ing  exper ience  i s  l imited,  the appl icat ion of  completely automatic  
a s s o c i a t i v e  t e c h n i q u e s  i n  a very large mechanized retr ieval  system is  now 
an  accomplished  fact .   Evaluation  of  the  success  of  this  methodology  in 
p rov id ing  so lu t ions  to  d ive r se  p rob lems  tha t  a r i s e  in  ope ra t iona l  document- 
searching  contexts  has  never  been  done.  Executing  such  an  evaluation is  
a n e c e s s a r y  n e x t  s t e p  i n  t h e  n e a r  f u t u r e ,  f o r  u n t i l  i t  i s  done,  research 
g r o u p s  i n  t h e  f i e l d  are f o r c e d  t o  r e s t r i c t  t h e m s e l v e s  t o  e s t i m a t e s  a n d  
judgments  that  are  easi ly  dismissed as  the pronouncements  o f  advocates of 
the given approach.  Without  the col laborat ion of  an operat ional  documentat ion 
s e r v i c e  o r g a n i z a t i o n  t h e r e  is l i t t l e  p r o s p e c t . o f  p r o g r e s s i n g  beyond t h e  
s t a g e  now achieved ,  where  profess iona l  inves t iga tors  exhib i t  -- w i t h  
d i f f i c u l t y  -- what they  judge  to  be  usefu l  a t t r ibu tes  of  the  procedure .  
Our f i n d i n g s  a r e  o u r  own judgments; we have no special  knowledge  of t h e  
operational needs or problems of the operators of document-searching 
sys tems tha t  use  the  NASA c o l l e c t i o n .  
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2 .  Key Judgments 
i )  Use o f  s t a t i s t i ca l  a s soc ia t ions  fo r  mach ine -a ided  thesau rus  
compilat ion  appears   except ional ly   promising.  The unprecedented  r ichness  
o f  t he  a s soc ia t ions  p re sen ted  i n  machine-prepared prof i les  ( involving 
both synonyms and  o ther  re la ted  words)  deserves  to  be  explo i ted  fur ther .  
i i )  The b e s t  way t o  u s e  tern a s s o c i a t i o n s  i s  in  conjunct ion  
with,  not  as replacement  for ,  human que ry  r enego t i a t ion .  
i i i )  The r e a d y  a v a i l a b i l i t y  o f  r i c h  a s s o c i a t i o n  l i s t s  reduces 
the   need   for   exper t i se   in   query   formula t ion .  Our observa t ions   cons is ten t ly  
s u p p o r t  t h e  u s e  o f  s t a t i s t i c a l  a s s o c i a t i o n s  i n  a time-sharing query en- 
v i ronment ,  where  informat ion-sys tem users  a re  urged  to  conduct  the i r  own 
in t e rac t ive  sea rch ing .  
i v )   Ce r t a in   t echn ica l   expec ta t ions ,   such  as t h e  p o s s i b l e  u t i l i t y  
o f  s econd  ve r sus  f i r s t -o rde r  a s soc ia t ions ,  have  no t  ye t  been  r e so lved  
and bear  fur ther  s tudy .  We do not , however , see t h e s e  i s s u e s  a s  a f f e c t i n g  
the  pe rce ived  ope ra t iona l  u t i l i t y  o f  t he  a s soc ia t ive  too l s .  
3 .  P r a c t i c a l i t y  
i )  The data  processing  involved  in  computing  co-occurrence 
counts  for  a co l lec t ion  of  100 ,000  documents i s  a rduous  wi th  the  IBM 7094 
sys tem.  But once  done i t  need  not  be  repeated. 
i i )  Assoc ia t ion  Mat r ix  P rocess ing  wi th  the  limits o f  t he  ex i s t ing  
program  package  (e.g., up t o  3000 x 3000 square   mat r ices)  i s  easy. It i s  
simply a matter of submitt ing computer runs.  
i i i )  The  Phase I re t r ieva l   opera t ion   (which   produces  term p r o f i l e s  
on t h e  1401) is  r e l a t ive ly  f a s t  (one  hour  us ing  a 1000 x 1000 matr ix)  , very 
easy and also inexpensive i f  mul t ip le  quer ies  a re  ba tched  for  s imul taneous  
running. 
i v )  The Phase I1 (Document Ret r ieva l   Phase)  i s  time-consuming 
on the 1401 when 100,000 documents a re  searched  (s ix  hours )  bu t  easy ,  
convenient ,  s t ra ight forward  and not expensive when only 10 - 20,000 
documents a r e  s e a r c h e d  a t  a t ime. 
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- PART I1 
OBSERVATIONS  FROM TRIAL OPERATIONS 
A .  In t roduc t ion  
R e s e a r c h  i n v e s t i g a t i o n s  i n t o  t h e  u s e  o f  s t a t i s t i c a l  f e a t u r e s  o f  
term co-occurrence in  a mechanized document searching system have been 
conducted by numerous  groups  of  individuals  since 1958. The in f luence  
among o t h e r s ,  o f  S t i l e s  (3 ,  4 )  , Maron, Kuhns and Ray (5) , and Doyle ( 6 )  
i n  s t i m u l a t i n g  t h i s  l i n e  of i n v e s t i g a t i o n  i s  widely acknowledged.* 
Up t o  t h e  i n i t i a t i o n  of the  present  work ,  the  idea  of  apply ing  
s ta t is t ical  associat ion measures  in  mechanized documentat ion system- 
a t i c a l l y  u n f o l d e d  a l o n g  t h e  u s u a l  p r o g r e s s i o n  t h a t  c a r r i e s  a n  i d e a  
i n t o  p r a c t i c e .  S t a g e s  o f  i e s e a r c h ,  c l a r i f i c a t i o n ,  e a r l y  e v a l u a t i o n ,  
and l a b o r a t o r y  t e s t i n g  on miniature  and medium scale  prototype systems 
c a n  b e  i d e n t i f i e d  i n  t h e  b a s i c  work that has gone on. The p resen t  
work c o n s t i t u t e s  t h e  n e x t  s t e p  i n  s u c h  a progress ion  and r e p r e s e n t s  
t h e  s c a l i n g  up of we l l - s tud ied  p ro to types  fo r  app l i ca t ion  in  a r e a l -  
l i f e  s i t u a t i o n .  
In  the broadest  view,  our  job was t o  move a set of  research  ideas  
out  of  the  labora tory  -- t o  s o l v e  a l l  t h e  p r a c t i c a l  problems involved 
in  doing  so,  t o  e x e r c i s e  o u r  b e s t  judgment as t o  t h e  p r o p e r  way t o  
proceed ,  to  des ign ,  test ,  a n d ,  i n  s h o r t ,  b r i n g  i n t o  e x i s t e n c e  a n  
a s soc ia t ive  sea rch ing  sys t em app l i cab le  t o  t h e  NASA c o l l e c t i o n .  We 
s topped  ju s t  sho r t  o f  u s ing  the  sys t em in  p rac t i ce ;  r a the r ,  we endowed 
NASA, and o f  c o u r s e  o t h e r  a g e n c i e s ,  w i t h  t h e  c a p a b i l i t y  t o  try 
a s s o c i a t i v e  s e a r c h i n g  f o r  t h e i r  p u r p o s e s ,  p l a c i n g  them i n  a p o s i t i o n  
t o  a s s e s s  t h e  u s e f u l n e s s  o f  a concre te  sys tem in  prac t ice .  
We have  out l ined  the  resu l t ing  sys tem in  the  Summary. For those 
r eade r s  who are i n t e r e s t e d  i n  t h e  programs and t h e i r  f u n c t i o n i n g ,  a 
complete description of the system i s  g i v e n  i n  P a r t  I11 o f  t h i s  r e p o r t .  
Our o b j e c t i v e  i n  t h i s  p a r t  of t h e  r e p o r t ,  however, is to  demonst ra te  
some of t he  uses  o f  a s soc ia t ions  and  to  p re sen t  some of t h e  most 
i n t e re s t ing  obse rva t ions  tha t  have  emerged from t r ia ls  us ing  them. 
* In  pa r t i cu la r ,  ou r  own e a r l y  work 7 - 12 was s i g n i f i c a n t l y  i n f l u e n c e d  
by these others. Further background and recent developments, are 
provided  in  (15 - 30) . 
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PART I1 
OBSERVATIONS  FROM TRIAL OPERATIONS 
A .  In t roduc t ion  
Resea rch  inves t iga t ions  in to  the  use  of s t a t i s t i ca l  f ea tu res  o f  
term co-occurrence i n  a mechanized document searching system have been 
conducted by numerous  groups of  i n d i v i d u a l s  s i n c e  1958. The in f luence  
among o t h e r s ,  o f  S t i l e s  ( 3 ,  4 ) ,  Maron, Kuhns and Ray (5), and  Doyle (6) 
i n  s t i m u l a t i n g  t h i s  l i n e  of i n v e s t i g a t i o n  i s  widely acknowledged.* 
Up t o  t h e  i n i t i a t i o n  of the present  work,  the idea of  applying 
statist ical  association measures in mechanized documentation system- 
a t i ca l ly  un fo lded  a long  the  usua l  p rogres s ion  tha t  ca r r i e s  an  idea  
in to   p rac t i ce .   S t ages   o f  ILesearch, c l a r i f i c a t i o n ,   e a r l y   e v a l u a t i o n ,  
and  l abora to ry  t e s t ing  on miniature and medium scale  prototype systems 
c a n  b e  i d e n t i f i e d  i n  t h e  b a s i c  work t h a t  h a s  gone  on. The p resen t  
work c o n s t i t u t e s  t h e  n e x t  s t e p  in  such a progression and r e p r e s e n t s  
t h e  s c a l i n g  up  of  wel l - s tud ied  pro to types  for  appl ica t ion  in  a r e a l -  
l i f e  s i t u a t i o n .  
In  the  broades t  v iew,  our  job  was t o  move a set  of  research  ideas  
out  of  the  labora tory  -- t o  s o l v e  a l l  the  prac t ica l  p roblems involved  
in  doing  so,  t o  exe rc i se  ou r  bes t  j udgmen t  as t o  t h e  p r o p e r  way t o  
proceed ,  to  des ign ,  test ,  a n d ,  i n  s h o r t ,  b r i n g  i n t o  e x i s t e n c e  a n  
a s s o c i a t i v e  s e a r c h i n g  s y s t e m  a p p l i c a b l e  t o  t h e  NASA c o l l e c t i o n .  We 
s topped  ju s t  sho r t  o f  u s inq  the  sys t em in  p rac t i ce ;  r a the r ,  we endowed 
NASA, and o f  cour se  o the r  agenc ie s ,  w i th  the  capab i l i t y  to  try 
assoc ia t ive  sea rch ing  fo r  t he i r  pu rposes ,  p l ac ing  them in  a p o s i t i o n  
t o  a s s e s s  t h e  u s e f u l n e s s  o f  a conc re t e  sys t em in  p rac t i ce .  
We have  out l ined  the  resu l t ing  sys tem in  the  Summary. For  those 
r eade r s  who a r e  i n t e r e s t e d  i n  t h e  programs  and t h e i r  f u n c t i o n i n g ,  a 
complete  descr ipt ion of  the system i s  g i v e n  i n  P a r t  I11 o f  t h i s  r e p o r t .  
Our o b j e c t i v e  i n  t h i s  p a r t  o f  t h e  r e p o r t ,  however, is  to  demonstrate  
some of t he  uses  o f  a s soc ia t ions  and  to  p re sen t  some of t h e  most 
in te res t ing  observa t ions  tha t  have  emerged  from t r i a l s  using them. 
*In p a r t i c u l a r ,  o u r  own e a r l y  work 7 - 1 2  was s ign i f i can t ly  in f luenced  
by these  others.   Further  background  and  recent  developments are 
provided  in  (15 - 30). 
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Though the development of these observations has been a small p o r t i o n  
o f  o u r  a c t u a l  e f f o r t ,  and though w e  wish a less p re l imina ry  p i c tu re  
could be presented, w e  f ee l  t ha t  an  in fo rma l  desc r ip t ion  o f  how t h e  
system  works is  o f  gene ra l  i n t e re s t .  Accord ing ly ,  w e  d e v o t e  t h i s  p a r t  
o f  t h e  r e p o r t  t o  t r e a t i n g  t h r e e  t o p i c s  w h i c h  arise i n  t h e  u s e  o f  
s t a t i s t i c a l  a s s o c i a t i o n s  i n  a r e t r i e v a l  c o n t e x t ,  a n d  we use  these  
d i s c u s s i o n s  a s  a vehicle  €or  demonstrat ing the use of  the system in 
p r a c t i c e .  
I n  S e c t i o n  B w e  comment on the  s ize  of  the  co-occurrence  count  
da ta  base  w e  u sed  and  on  the  p rac t i ca l i t i e s  o f  dea l ing  wi th  it. Our 
choices  of  submatr ices  (as  wel l  as  of  formulas  and other  parameters)  
govern a l l  the  observa t ions  recorded  here .  
Sect ion C i s  devoted  to  car ry ing  a f u l l  t ex t  ( o r i g i n a l )  r e q u e s t  
through Phase I r e t r i e v a l  and shows t h e  t e r m  a s s o c i a t i o n  p r o f i l e  
developed  for   an  unedi ted  reqbest .   Sect ion D r e p o r t s ,  on t h e  o t h e r  
hand, a fu l ly  au tomat ic  assoc ia t ive  search  through the  100,000 document 
co l lec t ion  us ing  an  ed i ted  reques t  p repared  by a s e a r c h  a n a l y s t  
w i th in  NASA’s  S c i e n t i f i c  and Technica l   Informat ion   Fac i l i ty .   In  
b o t h  t h e s e  s e c t i o n s ,  t h e  a s s o c i a t i o n  m a t r i x  i s  of dimension 1000 x 1000. 
I n  s e c t i o n s  E and F t h e  d i s c u s s i o n  becomes  more t e c h n i c a l .  A t t e n t i o n  
turns  towards  prof i les  deve loped  over  not  1000 high-frequency terms but 
over a l l   ( approx ima te ly )  18,000 t e rms   i n   t he   fu l l   vocabu la ry .   Sec t ion  E 
addresses  the  very  d i f f icu l t  p roblem of  s tudying  second-genera t ion  
a s s o c i a t i o n s .  S e c t i o n  F t r e a t s  some of   the  problems  of   select ing  an 
assoc ia t ion  formula  for  thesaurus-bui ld ing  purposes .  
Throughout ,  the  i l lus t ra t ive  examples  a re  drawn  from  outputs 
obtained during our tes t  operation of the system. 
B .  Co-occurrence  Count  Data 
The a s soc ia t ion  p rocess  c r i t i ca l ly  depends  on t h e  c e n t r a l l y -  
gathered term co-occurrence-count  data .  While  the user  of  the associat ive 
r e t r i e v a l  s y s t e m  is  i n d i f f e r e n t  t o  t h e  c e n t r a l i z e d  o p e r a t i o n s  t h a t  go 
i n t o  c o n s t r u c t i n g  t h e  n e c e s s a r y  f i l e s ,  w e  d e s c r i b e  t h i s  f i l e  b r i e f l y  t o  
s e r v e  a s  a s t a r t i n g  p o i n t .  
The p r i n c i p a l  body of d a t a  we developed  cons is ted  of  a l l  the  co-  
occur rence  coun t s  fo r  a l l  t he  terms used t o  index the approximately 
100,000 documents t h a t  were i n  t h e  NASA c o l l e c t i o n  when we s t a r t e d .  
An array of  the co-occurrence counts  is convenient ly  organized in  
the form of a matr ix  where the rows  and t h e  columns correspond t o  t h e  
terms in  the  vocabu la ry ,  and  the  number of documents i n  which two terms 
co-occur i s  recorded a t  t h e  i n t e r s e c t i o n  o f  t h e  row and  column. Since 
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the  whole NASA vocabulary  contained  over 18,000 terms*,  exhaustive 
co-occurrence  counting  leads  to an 18,000 x 18,000** matrix  of  co- 
occurrence  counts. 
This  matrix -- just  the  numbers,  recorded  compactly -- requires 
more  than  two  full  reels of magnetic  tape  for  storage  of  the  non- 
zero  elements.  It  takes  about 20 minutes  for an IBM  7094 computer 
merely  to  read  through  a  file  of  this  size.  Because  processing 
costs  are  high,  attention  has  to  be  focused  on  using  pieces  of  this 
file. The existence  of  the  exhaustive  file  is  very  significant in 
permitting  complete  flexibility in choosing  which  piece  to  study  and 
use.  But some  choice  is  a  practical  necessity (14). 
In pursuing  o'ur  initial  investigations, we have  made  use of a 
package  of  programs  (Part 111) which  work  upon  the 18,000 x 18,000 
co-occurrence  count  matrix.  Those  programs  permit  the  flexible 
creation  of  a  variety  of  association  matrices  as  needed  and  provide 
the  basic  capability  to  isolate  a  segment  of  his  huge  matrix  for 
intensive  processing.  This  processing  involves  not  only  the  computation 
of  association  coefficients,  but  also  the  deletion  of  matrix  elements 
that  are  too  small,  the  adjustment  of  diagonal  elements,  multiplying 
(certain)  matrices,  making  necessary  format  adjustments,  and  editing 
the  matrices  for  display  of  association  profiles. The basic 
investigative  capability  to  try  out  a  variety of ideas  on  a  smaller 
scale is  available.  We  have  tried  only  a  few of the  interesting 
possibilities.  Our  selections  will  be  clear  from  the  discussions 
which  follow. 
* 
Throughout  this  report we treat  the  collection  as  having  100,000  documents 
(though  the  exact  number  is  95,509)  and  the  vocabulary  as  having  18,000 
terms  (though  the  exact  number  is  18,292).  These  numbers  change  with 
collection  growth  and  have  no  particular  significance.  For  example,  the 
programs  are  not  limited  until  the  numbers  are  far  larger  (one  million 
documents,  32,000 terms). For  the record, we comment  that  although we 
have  come  to  think  of  the  co-occurrence-count  matrix  as  18,000  x  18,000, 
there  are  actually  1654  terms  from  the  vocabulary  we  were  given  that  did 
not  occur  in  the  document  sample w were  given.  Since  these  terms  have 
zero  co-occurrences,  the  interesting  co-occurrence  counts  appear  in  a 
16,638  x  16,638  matrix. 
** 
Recent  work  by Fossum, et.  al. (13) in  processing  38,402 DDC 
documents  has  involved  the  determination  and  study Of co-occurrence 
counts  among  the 600 most  frequent  terms. A comparison  of  the 
co-occurrence  parameters  between  the  two  collections  could be 
informative. 
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C .  Use o f  A s s o c i a t i o n  P r o f i l e s  f o r  Query  Expansion 
O p e r a t i o n  o f  t h e  a s s o c i a t i v e  r e t r i e v a l  p r o c e s s  i n  i t s  most 
i n t e r e s t i n g  a p p l i c a t i o n  b e g i n s  w i t h  a novice  reques tor .*  Typica l ly ,  
he  has  access  to  a l i b r a r i a n  who is i n  a p o s i t i o n  t o  g i v e  him l imi t ed  
a s s i s t a n c e  o n - s i t e  i n  d i s c o v e r i n g  a t  least a few terms t h a t  are  vocabulary 
e n t r i e s  o f  t h e  NASA system.  Published l is ts  of  such terms are a v a i l a b l e  
and a r e  r e a d i l y  c o n s u l t e d  t o  g e t  a few d e s c r i p t i v e  terms tha t  appea r  t o  
apply.  But o f t en  he  does  no t  r ece ive  the  bene f i t  o f  such  a id ,  and t h e  
r o l e  o f  a s s o c i a t i o n s  i n  h e l p i n g  him home i n  on useful terminology is  of 
g r e a t  i n t e r e s t .  I n  t h i s  example we show a f u l l  t e x t  r e q u e s t  a c t u a l l y  
received by NASA and we e x h i b i t  d e f i c i e n c i e s  i n  i t s  vocabulary which 
were remedied by t h e  a n a l y s t  who prepared a sea rch  p resc r ip t ion  us ing  
NASA terms. We show tha t  t he  a s soc ia t ion  p ro f i l e**  a l so  sugges t ed  the  
a l te rna te  te rminology and  we e x p l o r e  t h i s  key use  o f  t he  a s soc ia t ion  
p ro f i l e s  i n  expand ing  a r eques t .  
1. Query Formulation. - The r e q u e s t  e x h i b i t e d  i n  f i g u r e  1 was 
a c t u a l l y  r e c e i v e d  by NASA. Since w e  a r e  go ing  to  devo te  the  nex t  few 
pages t o  d i s c u s s i n g  t h a t  r e q u e s t ,  a ca re fu l  r ead ing  o f  t he  r eques t  w i l l  
be  use fu l .  The t e x t  o f  t h i s  r e q u e s t  i s  a n  e x p l i c i t  a n d  d e t a i l e d  s t a t e -  
ment of   the   reques tor ' s   p roblem.   This   s ta tement   could   eas i ly   have   been  
a t r a n s c r i p t i o n  o f  t h e  r e q u e s t o r ' s  own language, and t h e r e  i s  l i t t l e  
e v i d e n c e  t h a t  t h e  l i b r a r i a n  who wrote  the  l e t te r  made a n y  e f f o r t  t o  
recas t  the  reques t  employing  NASA terms. 
2 .  Comparison  of  the  Analyst 's   Search  and  the  Original  Request.  - 
-- ~ "_ . ~- 
This  reques t  , when processed by the search analyst*** at  The NASA 
F a c i l i t y ,  l e d  u l t i m a t e l y  t o  t h e  s e a r c h  p r e s c r i p t i o n  shown i n  f i g u r e  2 .  
*We have  t rea ted  in  (9)  some of-the problems encountered by 
r eques to r s  who are n o t  e x p e r t s  a t  p o s i n g  s e a r c h  r e q u e s t s  t o  a 
co-ord ina te- indexed  co l lec t ion .  
**Created  by p rocess ing  the  fu l l  t ex t  r eques t  w i th  the  1401  r e t r i eva l  
program using a 1000 x 1000 a s soc ia t ion  ma t r ix  ove r  t he  h ighes t  
frequency  terms . 
***The a n a l y s t ' s  j o b  i s  to  unde r s t and  the  r eques to r ' s  i n t en t ,  t o  fo rmula t e  
a search  us ing  NASA terms, t o  s c r e e n  t h e  r e t r i e v e d  d o c u m e n t s ,  a n d  t o  
i n s u r e  t h a t  t h e  r e f e r e n c e s  s e n t  t o  t h e  r e q u e s t o r  are acceptably 
responsive.  The a n a l y s t  h a s  s t a t e d  t h a t  h i s  p r e - s e a r c h  a n a l y s i s  t o o k  
one  hour  for  th i s  reques t ,  tha t  he  judged  h is  search  s t ra tegy  to  be  
"moderately  loose.  Some i r r e l e v a n t   m a t e r i a l . "  H i s  s ea rch   r e t r i eved  
1 2 1  documents of which he f e l t  99 were worth sending to  the requestor  
( i . e . ,  "accepted") ,  for  an  "acceptance  ra t io ' '  ( the  ana log  of  prec is ion  
r a t i o   u s i n g   t h e   a n a l y s t ' s   j u d g m e n t )   o f  991121 = 82%. He spent  hour 
p o s t - e d i t i n g  t h e  s e a r c h  t o  p r o v i d e  t h i s  s e r v i c e .  
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9 June 1966 
NASA Scientific  and  Technical  Information  Facility 
Reference  Department 
Machine  Search  Branch 
Post  Office  Box 33 
College Park, Maryland 20740 
Gentlemen: 
We  are  interested  in  obtaining  information on the  following  subject 
for  engineering  personnel  of  the . . . Laboratory and, therefore,  would 
like to have  a NASA literature  search  performed: 
Zero gravity  and/or  partial-gravity  simulation  systems. 
The  system  must  provide  three  or  more  degrees of free- 
dom, but  may  utilize  any  support  method  or  activation  pro- 
cedure  including  counterweights,  cables,  hydraulic  motors, 
or  servomotors.  The  use  of  gimbal  ring  support  frames 
is of particular  interest.  The  simulation  system  should  be 
capable of supporting  a  300-pound  load  composed  of  a 200-
pound man-space  suit  plus  a  100-pound  back-pack  maneuvering 
unit . 
Correspondence  requesting  clarifications  for  this  search  or  other- 
wise  regarding  this  request  should  refer  to  the  literature  search 
identification  code  noted  above.  We  shall  appreciate your assistance 
in  servicing  the  information  needs  of  our  laboratory  personnel. 
(Complimentary  closing) 
FIGURE 1 SAMPLE  FULL-TEXT  REQUEST 
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I 
TITLE: ANALYST: (?-SPA Date 
NASA LINEAR F I L E  SEARCH  WORKSHEET 
1410 Model I I  System Problw. 110. B i b l i u g r a m y  NO. Due Date NO. o f  Terms 
. -  
Llrnll 
Io securlty (1-6) 
I I  ACC. Range (Pol) 
I2 ACC. Range b e g )  
I3 Acc. Serles 
14 Document Typa 
I5 COSATI Category 
16 Subject Category 
22 Personal Author 
I& 
CI 23 Report m. 
25 No F o r e l g n  Lanp. 
29 Group k l g h t s  
31 Sort Dptlon 
32 Output Dptlon 
33 H i t  L l m i t  
.* torment Card 
INSTRUCTIONS 
( = " -0 -4 -8  Punch 
+ I 5--1? Punch 
) - 2--1?-&-8 Punch 
FIGURE 2 ANALYST'S SEARCH PRESCRIPTION FOR THE FULL 
TEXT  REQUEST IN FIGURE 1 
For those unfamil iar  with the codes the NASA system employs for search 
purposes ,  the  search  the  ana lys t  chose  to  per form through the  NASA 
col lec t ion  on  the  reques tor ' s  beha l f  is: 
(I want t o  see a l l  documents indexed by:) 
WEIGHTLESSNESS  SIMULATION 
o r  
o r  
o r  
o r  
o r  
o r  
o r  
o r  
- o r  
SIMLTLATION and SUBGRAVITY 
SIMULATION and WEIGHTLESSNESS 
SIMULATION and GRAVITY and NEGATIVE 
SIMULATION and GRAVITY and ZERO 
SIMULATION and GRAVITY and PARTIAL 
o r  -
SIMUL,ATOR and SUBGRAVITY 
SIMULATOR and WEIGHTLESSNESS 
SIMULATOR and GRAVITY and NEGATIVE 
SIMSJLATOR and GRAVITY and ZERO 
SIMULATOR and GRAVITY and PARTIAL 
The ana lys t  has  used  only  the  n ine  terms: 
WEIGHTLESSNESS  SIMULATION 
SIMULATION 
SIMULATOR 
SUBGRAVITY 
WEIGHTLESSNESS 
GRAVITY 
NEGATIVE 
ZERO 
PARTIAL 
If w e  compare the  ana lys t ' s  t e rmino logy  wi th  tha t  o f  t he  r eques to r ,  
we no t i ce  tha t  t he  ana lys t  has  omi t t ed  much o f  t he  de t a i l  wh ich  the  
requestor   suppl ied.   For   example,   the   only term, among t h o s e  i n  t h e  
analyst ' s  Search Prescr ipt ion,  which conveys any not ion of  "devices"  
is t h e  term "SIMULATOR." The requestor 's   catalog  of   "counterweights ,"  
"gimbal ring support  frames" and the l ike (which the requestor apparently 
c o n s i d e r e d  u s e f u l  i n  e x p r e s s i n g  h i s  i n t e r e s t )  w a s  apparent ly  not  usefu l  
for  search  purposes  f rom the  ana lys t ' s  po in t  of  v iew.  A l l  th i s  "device"  
t e rmino logy  f a i l ed  to  appea r  i n  the  ana lys t ' s  s ea rch  p resc r ip t ion ,  even  
though many of these words and word s t r i n g s  i n  t h e  f u l l  t e x t  r e q u e s t  
are i n   f a c t  bona f i d e  NASA terms: 
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I 
support  
c a b l e  
hydrau l i c  
motor 
servomotor 
gimbal 
r i n g  
frame 
s p a c e  s u i t  
back pack 
The d i f f e r e n c e  i n  ways  of expressing what is wanted i s  s t r i k i n g  i n  
t h i s  example.  Without  claiming  that  the  example i s  typ ica l   o f   t he  
sea rch  r eques t s  NASA r e c e i v e s ,  w e  do p o i n t  t o  t h i s  example as a clear- 
c u t  case of a d ispar i ty  be tween the  way an  outs ider  found i t  n a t u r a l  
to  descr ibe  h is  in format ion  needs  and  the  way an ' ' insider" found it  
b e s t  t o  e x p r e s s  a s e a r c h .  I f  r e q u e s t o r s  are  to  conduc t  t he i r  own machine 
sea rches ,  i t  i s  c e r t a i n l y  d e s i r a b l e  and p o s s i b l y  c r u c i a l  t o  d e v e l o p  
mechanisms which provide  meaningfu l  ass i s tance  in  " t rans la t ing"  f rom 
one  na tu ra l  form of  expression to  the other .  We b e l i e v e  t h a t  t h e  
s t a t i s t i c a l  a s s o c i a t i o n  methodology has shown o u t s t a n d i n g  c a p a b i l i t i e s  
f o r  a s s i s t i n g  t h e  r e q u e s t o r  i n  t h i s  " t r a n s l a t i o n , "  and w e  u se  the  
present  example to  demonstrate  the point .  
3 .  Inpu t   t o   t he   Phase  I (Association  Profi1es)Program. - To 
i l l u s t r a t e  t h e  u s e  o f  t h e  a s s o c i a t i o n  p r o c e s s  f o r  p r o c e s s i n g  t h e  
r e q u e s t o r ' s  s t a t e m e n t ,  t h e  f i r s t  s t e p  i s  t o  o b t a i n  a n  a s s o c i a t i o n  
p r o f i l e .  The f u l l  t ex t  o f  t he  r eques to r ' s  own s e a r c h  s p e c i f i c a t i o n  w a s  
en t e red  in to  the  Phase  I associat ion  program.  Figure 3 shows t h e  
a c t u a l  i n p u t  t o  t h e  computer*. The requestor  could  have handed h i s  
manuscr ipt  to  a keypuncher who knows the  app l i cab le  fo rma t s  and the  
inpu t  ca rds  would have  been  prepared  without  further  ado. O r ,  i f  he 
were using a remote access console,  he could have transcribed the 
t e x t  d i r e c t l y .  
The inpu t  'lterms,'l t h a t  i s ,  t h e  i n d i v i d u a l  w o r d s  i n  t h e  f u l l  t e x t ,  
i n  f i g u r e  3,  are l i s t e d  one  below t h e  o t h e r  a t  t h e  l e f t .  Each was 
ass igned   the  same weight   (viz . ,  .9999) on   input .  (The r e t r i e v a l  program 
re-sca les  these  weights  to  keep  the  numbers within manageable bounds, 
* 
Not ice  tha t  i t  i s  convenient  to  l e t  the machine's lookup process 
determine  the  forms of  words i n  t h e  term vocabu la ry .  In  th i s  
example, the keypuncher w a s  t o l d  t o  e n t e r  s i n g u l a r  and p lura l  forms  
of  plural  nouns to  avoid not  f inding a term f o r  u n i n t e r e s t i n g  
morphological reasons.  
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NO. 2490 FULL TEXT-FREE 
THRESHOLD -000001 
TERM 
ZERO 
G R A V I T Y  
AND 
OR 
P A R T I A L  
G R A V I T Y  
S I M U L A T I O N  
SYSTEH 
SYSTEWS 
T H E  
SYSTEM 
MUST 
P R O V I D E  
THREE 
OR 
MORE 
DEGREE 
DEGREES 
OF 
FREEDOM 
BUT 
MAY 
U T I L I Z E  
ANY 
SUPPORT 
METHOD 
OR 
A C T I V A T I O N  
PROCEDURE 
I N C L U D I Y G  
COUNTERKE I G H T  
COUNTERCCE IGHTS 
CABLE 
CABLES 
HYDRAlJLIC 
MOTOR 
OR 
,SERVOHOTOR 
SERVOMOTORS 
THE 
USE 
O F  
G I  MBAL 
SUPPORT 
FRAME 
MOTORS)  
RING. 
FRAMES 
FIGURE 3 
I N P U T   W E I G H T  
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
999  9 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9990 
9994 
9999 
9999 
9999 
9999 
9999 
9999 
999Y 
9999 
9999 
9999 
FULL-TEXT INPUT TO THE PHASE I ASSOCIATION PROGRAM 
SHOWING THE  CASUAL EDITING PERFORMED 
NORWALIZED 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
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CONTINUED- 
TERM 
IS 
OF 
PARTICULAR 
I N T E R E S T  
THE 
S I M U L A T I O N  
SYSTEN 
SHOULD 
B E  
CAPABLE 
OF 
SUPPORTING 
A 
300 
POUND 
LOAD 
C0PPOSE-u 
OF 
A 
200 
POUND 
MAN 
SPACE 
S U I T  
PLUS 
A 
POUND 
BACK 
PACK 
MANEUVEAIVG 
U N I T  
INPUT WEIGHT 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
NORMALIZED 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125. 
F I G U R E  3 ( C O N T I N U E D )  
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and the  normal ized  weights  resu l t ing  f rom th is  ca lcu la t ion  a re  pr in ted  
for  in format ion . )  
4 .  Output  of  the  Phase I (Assoc ia t ion  P ro f i l e s )  Program. - Figure 4 
shows the  a s soc ia t ion  p ro f i l e  p roduced  a s  ou tpu t .  (An in te rmedia te  
l i s t i n g  -- of  no interest he re  -- is  a l so  produced ,  record ing  the  fac t  
t h a t  "and," "but , ' I  etc . .  . . were n o t   i n   t h e  NASA vocabulary of terms.)  
S i n c e  t h i s  is t h e  f i r s t  p r o f i l e  shown i n  t h i s  r e p o r t ,  we s h a l l  d w e l l  
b r i e f l y  on i t s  format.  "Batch 6" i d e n t i f i e s  t h i s  p r o f i l e  f o r  r e f e r e n c e  
and  connects it wi th  the  input  query  previous ly  shown. It a l s o  d i f -  
f e r e n t i a t e s  i t  from other  ba tches  (1, 2, 3 ... 5 0 )  t h a t  may be processed 
a t  t h e  same time. Pages a r e  numbered consecut ively  within  each 
p r o f i l e  t h a t  i s  p r i n t e d .  We show o n l y  t h e  f i r s t  two pages  of  15. How 
many terms a r e  p r i n t e d  i s  con t ro l l ed  by t h e  t h r e s h o l d  s e t t i n g  ( f i g u r e  
3) on the  input :  on ly  the  terms with weight  in  excess  of  the threshold 
a r e  p r i n t e d .  Terms a r e  l i s t e d  i n  d e c r e a s i n g  o r d e r  of t he i r  we igh t .  
Only terms among t h e  1077  most f requent  te rms  in  the  NASA vocabulary 
were in  the  a s soc ia t ion  ma t r ix  used  in  th i s  example .  The p r o f i l e  is  
thus  "over"  these  1077  high  frequency terms. The terms  from  the  input 
f u l l  t e x t  q u e r y  t h a t  w e r e  i n  t h i s  s u b s e t  of the  vocabulary  appear  in  
t h e  p r o f i l e  w i t h  a n  a s t e r i s k  a t  t h e  r i g h t  m a r g i n .  A l l  o t h e r  words i n  
the query were completely ignored, 
The term numbers shown  on t h e  p r o f i l e  a r e  t h o s e  we have assigned 
i n  our  work. They cor respond to  the  row and  column  numbers  of t h e  s t a t e d  
terms in  the  18 ,000  x 18,000 co-occurrence count matrix.'k 
-~ ~ 
*This p r o f i l e ,  f o r  t h e  r e c o r d ,  i s  obtained using the normalizat ion 
Aab = - fa .   fb  fab , over   the   h ighes t   f requency   te rms ,   us ing   the   100   la rges t  
a s soc ia t e s   i n   each  row, approximately.   This   def ines   the  matr ix   used,  
and we no te  tha t  on ly  f i r s t -gene ra t ion  a s soc ia t ions  a re  invo lved  he re .  
Each column of A can  be  r ega rded  a s  the  p ro f i l e  o f  t he  co r re spond ing  
terms. The output  shown i n  f i g u r e  4 can now be  def ined  as  fo l lows .  
F i r s t  descr ibe  the  . recognized  input  terms a s  a vector q: an 18,000 
dimensional column v e c t o r  showing 1's i n  t h e  p o s i t i o n s  a s t e r i s k e d  i n  
f i g u r e  4 ( i . e . ,  i n  rows  9059,  11,183,  etc.)  and  zeros  elsewhere. 
The we igh t s  i n  f igu re  4 a r e  a s c a l a r  times t h e  r e s u l t  o f  t h e  m a t r i x  
m u l t i p l i c a t i o n  w = Aq. T h i s  p r o f i l e  is  thus  the  sum of  the  p ro f i l e s  
f o r  MAN , PARTIAL, UNIT , PROCEDURE , e t c  . 
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BATCH 6 A S S O C I A T I V E   R E T R I E V A L  PAGE 1 
WEIGHT 
.3768+ 
-3217+ 
.3195+ 
3037+ 
-3026+ 
-2812+ 
2767+ 
.2418+ 
0 2227+ 
.2115+ 
.1361+ . 1271+ 
0 1170+ 
-0821+ 
-0753+ 
-0742+ 
.0742+ 
.0697+ 
.0675+ 
-0652+ 
.0618+ 
.0585+ 
-0585+ 
.0585+ 
.0562+ 
0 05  29+ 
.0517+ 
.0517+ 
.0506+ 
,0495+ 
.0484+ 
.0484+ 
.0483+ 
.0461+ 
.0461+ . 0438+ 
0 046  1+ 
.0438+ 
0 0427+ 
-0427+ 
.0427+ 
.0405+ 
. 0405+ 
0 0427+ 
0 4 0  5+ 
.0394+ 
.0393+ 
.0393+ 
WORD 
MAN 
P A R T 1   A L  
U N I T  
PROCEDIJRE 
ZERO 
SUPPORT 
A C T I V A T I O N  
R I N G  
G R A V I T Y  
THREE 
S I M U L A T I O N  
WEIGHTLESSNESS 
MOTOR 
MANNED  SPACE  FLIGHT 
L I F E  
MANNED  SPACECRAFT 
ORDER 
ASTRONAUT 
CASE 
D I M E N S I O N A L  
PHYSIOLOGICAL  RESPONSE 
MERCURY  PRCJECT 
S P A C E  F L I G H T  
LOAD 
AEROSPACE  MEDICINE 
SPACE ENVIRONMENT 
APOLLO  PROJECT 
MINUTEWAN  ICBP. 
PSYCHCLOGY 
METHOD 
MANNED 
MAINTENANCE 
SUB SYSTEM 
PHYSIOLOGY 
S IMULATOR 
SYSTEM 
D I F F E K E N T I A L  
MEMORY 
T R A I N I N G  
D E R I V A T I V E  
COMMAND 
HUMAN 
CLOSED 
MACHINE 
GROUND 
RENDEZVOUS 
TOLERANCE 
E L L I P S E  
TERM NUMBER 
90591: 
11183* 
171979: 
123591. 
18226* 
15744* 
123s 
1350R* 
6187* 
16421* 
144251. 
9 9  19* 
9049  
8352 
9047  
10860  
9 4 0  
21  54 
3882 
11646  
9 2 9 @  
14894  
8537* 
24 1 
14890 
75-9 
9644 
12533  
94379: 
9046  
8973  
15613 
1 1 6 4 8  
14426 
159321. 
38 1 3  
9274 
16690 
367 3 
2784 
6885 
2610 
622 7 
13297 
16577 
4647  
17855 
8823 
FIGURE 4 ASSOCIATION  PROFILE  FOR  THE  FULL  TEXT  REQUEST  IN  FIGURE 1 
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BATCH 6 A S S O C I A T I V E   R E T R I E V A L  PAGE 2 
dE I G H T  
,0360+ 
0 0360+ 
.0360+ 
0 0360+ 
.0360+ 
.0349+ 
-0348+ 
,0337+ 
.0326+ 
.0326+ 
.0326+ 
0 0326+ 
.0315+ 
-0315+ 
.0315+ 
.0315+ 
.0315+ 
0304+ 
,0303+ 
.0303+ 
.0292+ 
.0292+ 
.0292+ 
.0292+ 
.0201+ 
.0281+ 
.OZR1+ 
,0270+ 
.0270+ 
.0270+ 
.0270+ 
.0270+ 
0 0270+ 
-0270+ 
.0259+ 
.025R+ 
-0258+ 
-0247 + . 0247+ 
.0247+ 
.0236+ 
.0247+ 
-0236+ 
-0236+ 
.0236+ 
,0236+ 
.0236+ 
.0236+ 
WORU 
ENVIRONMENT 
A T T I T U D E  
C Y L I N D R I C A L   S H E L L  
TORQUE 
G R A V I T A T I O N A L  
O I F F E R E N T I A L   E Q U A T I O N  
B U C K L I N G  
LABURATURY 
SPACE 
SPACE  SCIENCE 
W I N U I N G  
F I R I N G  
HANOL I NG 
ATTITUDE  CONTROL 
AEROSPACE 
SECCND 
SOLID   PROPELLANT  ROCKET  ENGINE 
SPACECKAFT PUWER SUPPLY 
K E L A T I V I T Y  
F A C I L I T Y  
ANIMAL  STUDY 
ANALOG 
E X P L O R A T I O N  
WEAPVN 
AUAPTATION 
P?OO!\1 
K E D I C I N E  
R E S P I R A r I O N  
COMMUNICATION  SYSTEK 
MANAGEMENT 
METEClHUIO 
PISSlON 
CENTER 
SPACE PK!!GRAM 
HYBR I D  
U I F F F R E N C E  
HUNAN PEKFOKKANCE 
R E L I A B I L I T Y  
AN I M A L  
P I L O T  
L O A D I N G  
R E V G L U T I  ON 
S A T E L L I T E  O R B I T  
NASA PROGRAM 
OPERATOR 
E X T R A T E R R E S T R I A L  
REQUIREMENT 
I I P T I M A L   C O N T l i U L  
TERM NUMBER 
4789 
10 58 
3416 
16613 
6103 
3809 
18RZ 
8100 
149 18* 
14919 
17936 
5318 
6362 
1055 
242 
14002 
14757 
148 54 
13262 
5111 
640 
589 
5025 
17813 
138 
9874 
9253 
13367 
2788 
9Gll 
9409 
9689 
2248 
14913 
69 14 
6883 
13276 
639 
11689 
8533 
13429 
13806 
10055 
10762 
5083 
13317 
10817 
3805 
FIGURE 4 (CONTINUED) 
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5. Comparison  of  the  Association  Profile  and  the  Analyst's  Search 
i) Successful  Discovery  of  Alternate  Vocabulary 
The  association  process  identifies  the  term  WEIGHTLESSNESS  as  the 
most  closely  associated  term  that  was not present  in  the  request  received. 
The  prominence  given  to  WEIGHTLESSNESS  in  the  profile  should  be  con- 
strued  as a  suggestion  that  the  requestor  consider  using  this  terminology 
- as  alternate  vocabulary  in  phrasing  a  request  to  the  NASA  collection. 
The  requestor  did  not  use  this  term  in  his  full  text  request.  (We 
speculate  that  the  term  did  not  enter  his  mind  as  a  way  of  describing 
what  was  wanted.) He used,  rather,  the  terminology  "zero  gravity"  and 
WEIGHTLESSNESS  in  his  search  prescription.) We believe it  is  likely 
that a  requestor  (were  he  to  receive  this  profile  as  a  suggestion  list 
after  submitting  his  request)  would recognize.WE1GHTLESSNESS to  be a 
term  he  ought  to  use  in  his  search. 
II partial  gravity" to express  his  idea.  (The  analyst  did  use  the  term 
ii) Other  Means  of  Vocabulary  Expansion 
Naturally,  a  requestor  who  wishes  to  find  good  search  terms  could 
use  available  printed  term  lists  and  thesaurus-like  guides. 
This  same  example  illustrates  some  of  the  encumberances  of  doing 
this, and we include  our  observations  for  completeness.  Let  us  suppose 
the  requestor  had  tried  to  find  alternate  terminology  for  ZERO  GRAVITY 
using  the  Guide  to  the  Subject  Indexes  for  STAR  (April 1964 or  February 
1965 version).  He  would not have  been  led  from  ZERO  GRAVITY  to  WEIGHT- 
LESSNESS  as  was  done  with'  the  aid  of  the  association  list.  Certainly 
the  suggestive  cross-reference  could  have  been  placed  in  a  printed 
thesaurus,  but it  wasn't.  In  the  EJC  Thesaurus,  moreover,  an  attempt 
to  use  ZERO  GRAVITY  leads  to  finding  no  entry. It is  not a  recognized 
heading. So one  tries  GRAVITY  (looking  for  zero-gravity  simulators  and 
the  like)  and  finds: 
GRAVITY  CONCENTRATORS 
GRAVITY  CONVEYORS 
GRAVITY  DAMS 
GRAVITY  DRAINAGE  (RESERVOIRS) 
GRAVITY  METERS 
each  with  a  set of irrelevant  terms.  Having  determined  that  GRAVITY 
SIMULATION  is  not  a  heading,  one  turns  to 
GRAVITY 
USE GRAVITATION, 
Turning  the  page,  an  alphabetic  scan  locates  this  new  term,  and  under 
GRAVITATION  one  finally  finds  (alphabetically  last)  the  first  acceptable 
alternate  term -- the  term  WEIGHTLESSNESS  itself.  This is work, the  kind 
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of work which i s  an o b s t a c l e  t o  a c t i v e  i n v e s t i g a t i o n  o f  t h e  l i t e r a t u r e  
by i n t e r e s t e d   u s e r s .  
.Use of  the  assoc ia t ion  program i s  a f a r  less arduous and (in our 
judgment)  an effect ive way t o  home i n  on  the  r igh t  vocabu la ry  to  use  in  
formulating a sea rch .  
i i i )  The Analyst>s_ T e r m  "Weightlessness  Simulation" 
I d e a l l y ,  i n  t h e  p r e s e n t  s e a r c h ,  t h e  r e q u e s t o r  s h o u l d  b e  l e d  t o  t h e  
term WEIGHTLESSNESS  IMULATION f o r  u s e  i n  a search conducted through 
, the NASA c o l l e c t i o n  as a who le .  In  the  p re -1965  subse t ,  t h i s  term 
occurred only four  times; it  is not  one of  the terms i n  t h e  a s s o c i a t i o n  
matr ix  and  hence is n o t  r e t r i e v e d  i n  t h e  a s s o c i a t i o n  p r o f i l e .  However, 
t he  r eques to r  i s  e a s i l y  l e d  t o  t h i s  term once WEIGHTLESSNESS has been 
iden t i f i ed  a s  r e l evan t  t e rmino logy :  a d i s p l a y  o f  a l p h a b e t i c a l l y  s i m -  
i l a r  terms would lead him there a t  once. 
Once t h e  r e q u e s t o r  a r r i v e s  a t  t h e  term WEIGHTLESSNESS  IMULATION, 
w e  consider  him "home." The ana lys t  wanted  to  see every document in- 
dexed by t h i s  t a g  t h a t  was wi th in  the  subcol lec t ion  he  searched ,  and 
we concur .  Thus,  the request  we have discussed exemplif ies  the way an 
a s soc ia t ion  p ro f i l e  can  gu ide  an  un t r a ined  r eques to r  qu i t e  d i r ec t ly  
t o  one or more multiple-word terms ( i f  there  are  any)  which obviously 
a r e  d e s c r i p t i v e  o f  what he wants.  We have  d iscussed .  th i s  process  a t  
length ( in  Reference 12), and th is  demonst ra t ion  is  c o n s i s t e n t  w i t h  
t h o s e  r e s u l t s .  
6 .  Discussion  of  Other Terms on t h e  P r o f i l e .  - Consider ing  the 
austere  c i rcumstances (no pre-edi t ing o f  any consequence) under which 
t h i s  r e q u e s t  was run ,  it i s  no t  un in t e re s t ing  to  examine  some of  the 
other   terms on t h e  l i s t .  (We i g n o r e   t h e   s t a r r e d   t e r m s   a t   t h e   t o p   o f  
t h e  p r o f i l e  -- t hey  were  in  the  r eques t ?  and the machine process i s  
cu r ren t ly  tuned  to  p l ace  request terms  high on t h e  l i s t . )  We t r e a t  
the terms in  the ranked order  in  which they appear  on t h e  p r o f i l e .  
MANNED SPACE  FLIGHT i s  an  idea  tha t  i s  i m p l i c i t  i n  t h e  r e q u e s t .  
While i t  i s  f a r  more gene ra l  a top ic  than  the  reques tor  in tended ,  the  
term i s  a r e a s o n a b l e  a s s o c i a t e  f o r  a s t a t emen t  t ha t  dea l s  w i th  a man 
i n  a s p a c e  s u i t  i n  a weightless environment. 
LIFE and MANNED SPACECRAFT a re  judged  to  be  de r iva t ive  ideas  f rom 
t h e  one above. 
ORDER is  an  a r t i f ac t ,>k  de r ived?  w e  believe,  from the ideas of 
PARTIAL ORDER, ZERO ORDER, and THREE ORDER. 
-. 
* 
Art i f ac t s  a r e  to  be  expec ted  in  p ro f i l e s  gene ra t ed ,  a s  t hese  were, with- 
ou t  ca re fu l  " tun ing"  o f  t he  p rocedure  to  y i e ld  the  bes t  ach ievab le  r e su l t s .  
It i s  known t h a t  NASA indexers  systematical ly  include the important  con-  
s t i t u e n t  words of a published multiword index term i n  t h e  i n d e x  se t ;  we 
have  not  ye t  de te rmined  the  bes t  ad jus tment  for  th i s ,  bu t  see no im-  
pediment to doing so. 
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ASTRONAUT has been explained.  
CASE comes from MOTOR CASE, we be l ieve ,  and  is a n  a r t i f a c t .  
DIMENSIONAL probably comes  from THREE  DIMENSIONAL and is  a l so  an  
a r t i f a c t .  
The next group of terms, save  for  the  very  unhelpfu l  reques t  terms 
LOAD, METHOD and SYSTEM -- no te  tha t  t hey  were demoted by t h e  machine- 
g e n e r a t e d  p r o f i l e  -- con ta ins  a number o f  p l a u s i b l y  r e l a t e d  i d e a s .  
PHYSIOLOGICAL  REPONSE 
SPACE  FLIGHT 
4MERCURY PROJECT 
4 AEROSPACE MEDICINE 
+PACE ENVIRONMENT 
APOLLO PROJECT 
MINUTEMAN ICBM 
4 PSYCHOLOGY 
MANNED 
MAINTENANCE 
J ~~~~~~& 
It i s  appeal ing to  explain the presence of  the checked terms (AEROSPACE 
MEDICINE, PHYSIOLOGICAL  RESPONSE, e t c . )  as a r e f l ec t ion  o f  t he  deep  conce rn  
( in  the  ear ly  days  of  the  space  program)  wi th  which  the  e f fec ts  of  weight -  
lessness  on  man were approached. When we pose  the  g iven  r eques t  t o  the  
c o l l e c t i o n  we processed -- t h e  o l d  NASA segment - -  it i s  p o s s i b l e  t o  c o n j e c t u r e  
t h a t  t h e  p r o f i l e  i s  s u g g e s t i n g  t h a t  t h e  e a r l y  c o l l e c t i o n  d e a l s  h e a v i l y  w i t h  
t h i s  a s p e c t  o f  t h e  r e q u e s t .  We have no ev idence ,   however ,   tha t   the   co l lec t ion  
i s  so slanted,  even  though it does seem l i k e l y .  
There i s  l i t t l e  more to  be  ga ined  from conveying an appreciation o f  j u s t  
- one profile.  Nevertheless,  having proceeded through the l i s t  t o   t h e   2 0 t h  
a s soc ia t ed  term, w e  n o t e  t h a t  t h e  term SIMULATOR is  also  suggested:   another  
impor tan t  te rm in  the  ana lys t ' s  v iew,  one  we have spoken about before as 
ca r ry ing  the  no t ion  o f  "dev ices"  in  the  ana lys t ' s  p re sc r ip t ion .  
Conclusion: An a s s o c i a t i o n   p r o f i l e   f o r   a n   u n e d i t e d   f u l l - t e x t   r e q u e s t ,  
employing only the individual  s ingle  words i n  t h e  t e x t  o f  t h a t  r e q u e s t  can 
(and in  our  exper ience  a lmost  invar iab ly  does)  lead  the  reques tor  to  a 
h i g h  p r e c i s i o n  s e a r c h  i f  o n e  e x i s t s .  
Comment: There i s  considerable  room fo r  improvement i n  t h e  q u a l i t y  o f  t h e  
machine  output when it i s  intended for  human inspec t ion  and i n t e r p r e t a t i o n  
of  the  k ind  we jus t  per formed.  Assoc ia t ion  prof i les  l ike  these  have  not  ye t  
been "human engineered"  for  use  e i ther  (a )  as  vehic les  for  making p o s i t i v e  
suggest ions as to  a l t e rna te  vocabu la ry  o r  (b )  as devices  for  repor t ing  back  
how the  searching  system is  g o i n g  t o  i n t e r p r e t  t h e  g i v e n  r e q u e s t .  A s  t h e  
assoc ia t ive  informat ion  comes t o  be incorporated into machines with more 
s i g n i f i c a n t  c a p a b i l i t i e s  t h a n  t h e  1 4 0 1 ,  i t  w i l l  b e  p r a c t i c a l  t o  pay more 
a t t e n t i o n  t o  p r o v i d i n g  more d i r e c t  and  more c o n c i s e  r e p o r t s  t o  t h e  r e q u e s t o r .  
D. Associat ive  Search  on  the  Pre-1965  Col lect ion 
A demonst ra t ion  search ,  conducted  pr inc ipa l ly  to  assure NASA t h a t  
the programs operate  without  faul t ,  was performed through the ent i re  set  
of 95,509 documents contained i n  t h e  v e r s i o n  o f  t h e  L i n e a r  F i l e  which we 
rece ived .  This  search  was conducted using one of 20 searches which  had 
recently been conducted by t h e  NASA Fac i l i t y ;  because  the  ou tpu t  from t h a t  
search had been evaluated by the analyst  i t  w a s  p o s s i b l e  t o  compare t h e  two 
sets of  re t r ieved documents .  It was i m p o r t a n t  t o  i n s u r e  t h a t  t h e  a s s o c i a t i v e  
search would r e t r i e v e  t h e  same documents -- t o  d e m o n s t r a t e  t h a t  no s e r i o u s  
e r r o r s  were present  in  the  programs or  in  our  process ing  of  the  da ta  from 
t h e  c o l l e c t i o n .  
1. Choice of a Search. - Since no pa r t i cu la r  hypo thes i s  was under 
t es t ,  w e  c h o s e  t h e  s e a r c h  p r e s c r i p t i o n  t o  b e  t e s t e d  w i t h o u t  p a r t i c u l a r  
d e l i b e r a t i o n .  We were, however,  guided  by some gene ra l   cons ide ra t ions .  
We have learned during this  work wi th  the  NASA c o l l e c t i o n  t h a t  t h e r e  
a r e  q u i t e  a l a r g e  number o f  sub jec t  a r eas  inc luded  in  i t  whose terminology 
i s  en t i r e ly  too  t echn ica l  o r  t oo  obscure  to  pe rmi t  non-experts to understand 
what i s  going   on .   In   the   a rea   o f   Chemis t ry   o f   Propel lan ts ,   fo r   ins tance ,  we 
found it  impossible,  as non-experts,  to judge whether named compounds a r e  o r  
a re  not  assoc ia ted  wi th  the  te rms  in  a r e q u e s t .  We ruled out  using such 
technical  quest ions and chose the search that  seemed s imples t  to  unders tand  
and  might  have  the  grea tes t  genera l  in te res t  to  the  readers  of  the  repor t .  
We a l s o  r e s t r i c t e d  o u r s e l v e s  t o  s e a r c h e s  t h a t  had seve ra l  t e rms  in  the  
assoc ia t ion  vocabulary  of  1000 high- frequency terms. 
The search we chose was e n t i t l e d  "Rendezvous  and  Docking"  by t h e  a n a l y s t  
who prepared i t .  The o r i g i n a l   f u l l - t e x t   r e q u e s t   r e c e i v e d  by t h e  f a c i l i t y  
i s  shown in  f igu re  Sand  the  sea rch  p resc r ip t ion  appea r s  i n  f igu re  6 .  
It i s  no tewor thy  tha t  t he  l i b ra r i an  who p repa red  the  fu l l - t ex t  r eques t  
i n  f i g u r e  5 was qu i t e  exp l i c i t  a s  t o  the  in t ended  cove rage  and  tha t  she  
d i d  employ q u i t e  a few NASA t e r m s  i n  t h e  t e x t  o f  h e r  l e t t e r .  T h i s  p a r t i c u l a r  
example of a request  does not look  l ike  the  language  of  an  unass i s ted  technica l  
person - -  it  seems t o  have been processed by a knowledgeable  l ibrar ian before  
she  sen t  i t  i n .  
2.  The Ana lys t ' s   Sea rch   P resc r ip t ion .  - I n  c o n t r a s t  t o  t h e  p r e v i o u s  
i l l u s t r a t i o n ,  t h e  a n a l y s t ' s  s e a r c h  p r e s c r i p t i o n  i s  t h e  b a s i c  i n p u t  t h i s  time. 
Though conduct ing  an  assoc ia t ive  search  i s  not  expec ted  to  improve  upon the  
search an expert  analyst  can conduct ,  use of  his  terms provided a p o s i t i v e  
check on whether w e  had  accu ra t e ly  r e t a ined  a l l  the indexing which was p resen t  
on   the   L inear   F i le .  Thus i n  t h e  p r e s e n t  example,  the set  o f  terms i n  t h e  
a n a l y s t ' s  s e a r c h  p r e s c r i p t i o n  was  t r a n s c r i b e d ,  a l l  w e r e  given equal  weights ,  
and t h e  r e s u l t  w a s  submi t t ed  to  the  en t i r e  a s soc ia t ive  p rocess ing  ope ra t ion  
using the Retr ieval  Programs.  
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June 10, 1966 
Machine Search Branch 
Reference Department 
NASA S c i e n t i f i c  & Technical  Information 
F a c i l i t y  
P. 0. Box 33 
College  Park,  Md. 20740 
ATTN: P h i l i p  F.   Eckert  
Gentlemen: 
I would l i k e  t o  r e q u e s t  f o r  a l i t e r a t u r e  s e a r c h  done on Rendezvous and 
Docking  including:  spacecraft  rendezvous,  space  rendezvous  maneuver, 
orbital  rendezvous  maneuver,  rendezvous  guidance,  rendezvous  sensors, 
and  rendezvous  docking. 
Our f a c i l i t y  i d e n t i f i c a t i o n  code number i s  723,  and we are r eques t ing  
t h i s  s e r v i c e  u n d e r  c o n t r a c t .  . . . Would you p l ease  cons ide r  t h i s  a RUSH 
r eques t .  Thank  you. 
S ince re ly  your s ,  
FIGURE 5 FULL-TEXT REQUEST ON IIRENDEZVOUS AND DOCKING" 
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FIGURE 6 ANALYST'S  SEARCH  PRESCRIPTION  FOR 
"RENDEZVOUS  AND  DOCKING" 
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3 .  Association  Phase.  - The input  terms are d i s p l a y e d  i n  f i g u r e  7 
and f i g u r e  8 shows t h e  a s s o c i a t i o n  p r o f i l e  t h a t  was produced using the 
1000 x 1000 a s s o c i a t i o n  matrix over the high frequency terms. Of t h e  
r eques t  terms, i .e . ,  t h e  terms i n  t h e  a n a l y s t ' s  s e a r c h  p r e s c r i p t i o n ,  o n l y  
e i g h t  were among t h e  set  of 1000 highest  frequency NASA terms. A s  we see 
i n  t h e  p r o f i l e  i n  f i g u r e  8, the recognized terms i n  t h e  i n p u t  r e q u e s t  
(marked *) were: 
MANEWER 
RENDEZVOUS 
S ENS OR 
TRAJECTORY 
SPACECRAFT. 
SATELLITE 
SPACE 
The remaining terms were   no t   in   the   assoc ia t ion   vocabulary .  The 
reader  w i l l  r ecognize  tha t  th i s  se t  o f  seven  te rms  does  not  qu i te  capture  
the   con ten t   o f   t he   r eques t .  For  example, the   idea   o f   docking  i s  l o s t ,  and 
the  t e rm se t  i s  cons iderably  legs  spec i f ic  than  the  reques t  was .  
a .   Pe r sona l   Reac t ion   t o   t he   Assoc ia t ion   P ro f i l e .  - The p r o f i l e  
i n  f i g u r e  8 was reviewed a t  t h e  time the  search  was run -- t h a t  i s ,  during 
the pause between the associat ion phase and  document searching phase when 
in t e rven t ion  is  allowed. Our r e a c t i o n  w a s  t o  f i n d  it  unusually  neutra.1: 
no te rm in  the  top  100 or  so seemed t o  b e  e s p e c i a l l y  a p p l i c a b l e  t o  t h e  
r e q u e s t  a s  we understood it ,  nor did any  one seem t o  be s i g n i f i c a n t l y  
inapp l i cab le .  The only  te rm in  the  top  20 or  so that   caused a moment o f  
h e s i t a t i o n  was LAUNCH, but  then we r eca l l ed  tha t  t he  t ime  o f  l aunch  was a 
c r i t i ca l   fac tor   in   ach iev ing   rendezvous .   This   doubt  was enough to   cause   us  
t o  l e a v e  it  in ,  r a the r  t han  a t t empt ing  to  se l ec t  t he  "bes t "  t e rms  from t h e  
a s s o c i a t i o n  p r o f i l e .  
Our i n s p e c t i o n  o f  t h e  p r o f i l e  and the  dec i s ion  to  l eave  it alone 
took about three minutes.  
4 .  Diff icul ty   of   React ing  Accurately.  - A r e a l  r e q u e s t o r ,  u n l i k e  t h o s e  
of  us  who are bystanders ,  has  a very well-developed idea of what he i s  looking 
f o r .  It i s  to  be  expec ted  tha t  he  can  se l ec t  and r e j ec t  t e rms  from a p r o f i l e  
somewhat more eas i ly  than  o the r  pe r sons  fo r  he  i s  motivated and has a s t rong  
opinion.  
To i l l u s t r a t e  t h i s  p o i n t ,  s u p p o s e  w e  were  in t e re s t ed  only in rendezvous 
and  docking  opera t ions  in  the  v ic in i ty  of  ear th .  Then it would be  evident 
t ha t   t e rms   l i ke  MOON, MARS, e tc .   could   be   de le ted .   Thei r   de le t ion   does   no t  
mean t h e r e  w i l l  be  nothing  about MOON o r  M A R S  r e t r i e v e d .  It merely means 
t h a t  MOON and MARS documents w i l l  be less prominent on t h e  r e t r i e v e d  l i s t  
than they would otherwise be.  
Some r e a d e r s  may find they have strong opinions toward the terms 
SPACECRAFT  PROPULSION or  REENTRY, f ee l ing  tha t  t hese  t e rms  a re  no t  he lp fu l  
i n  d e s c r i b i n g  what  hey  want t o  s e e .  The p r i n t i n g  o f  a n  a s s o c i a t i o n  p r o f i l e  
i s  done p r e c i s e l y  S O  that  such views can  be  communicated to  the search system, 
and t h e  r e q u e s t o r ' s  c h o i c e  among terms i n  t h e  p r o f i l e  i s  a f ine  ad jus tment  
t o  t h e  "normal"  output  of  the  assoc ia t ive  search .  In  our  exper ience ,  the  bes t  
a c t i o n  f o r  t h e  r e q u e s t o r  t o  t a k e  i n  e d i t i n g  a p r o f i l e  is t o  d e l e t e  unwanted 
terms without  revis ing the weights  ass igned (12) .  
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NO. 2692 SEARCH  PRESCRIPT1ON"RENDEZVOUS 
THRESHOLD .000010 
TERM 
RENDEZVOUS 
DOCK I NG 
RENDEZVOUS  GUIDANCE SYSTEM 
RENDEZVOUS  PACECRAFT 
RENDEZVOUS  TRAJECTORY 
ORBITAL  RENDEZVOUS 
SATELLITE  RENDEZVOUS 
EARTH ORBITAL RENDEZVOUS  /€OR/ 
EULER-LAMBERT  EQUATION 
LUNAR  ORBITAL  RENDEZVOUS  /LOR/ 
SPACECRAFT  RENDEZVOUS 
I N T E R C E P T I O N  
SPACECRAFT 
SPACE 
MANEUVER 
SENSOR 
SATELL I TE 
GU I OANC E 
TRAJECTORY 
INPUT  WEIGHT 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
NORMALIZED 
2293  
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
2293 
229 3 
2293 
2293 
FIGURE 7 INPUT  TO  ASSOCIATION PHASE - ANALYST'S "RENDEZVOUS AM, DOCKING"  TERMS 
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WE I GHT WORD 
8965+ 
7 ~ 1 +  
.3531+ 
.2950+ 
2040+ 
1673+ 
1605+ 
1444+ 
0 1421+ 
1329+ 
1284+ 
1238+ 
1 Z l 5 +  
.1215+ 
1192+ 
1054+ 
1054+ 
.0963+ 
0963+ 
0894+ 
,0871+ 
.0848+ 
o O R 2 5 +  
.0802+ 
.0802+ 
.0756+ 
-0756+  
.0756+ 
.0733+ 
.0608+ 
.oaoz+ 
.0665+ 
.0665+ 
,0642+ 
.0665+ 
0664+ 
.0642+ 
0642+ 
.0642+ 
.0619+ 
06 19+ 
,0619+ . 0596+ 
.0596+ 
.Q573+ 
.0573+ 
.0573+ 
0550+  
MANEUVER 
RENDEZVOUS 
SENSOR 
GU I DANCE 
TRAJECTORY 
MANNED  SPACECRAFT 
SPACECRAFT 
APOLLO  PROJECT 
N A V I G A T I O N  
M I S S I O N  
MANRED 
ORB I T  
LAND I NG 
T E R M I N A L  
A T T I   T U D E  
S P A C E   F L I G H T  
ATTITUDE  CONTROL 
MOON 
SPACECRAFT  PROPULSION 
MANNED SPACE FLIGHT 
COMHANO 
SPACE  VEHICLE 
SPACE PROGRAM 
LAUNCH 
S A T E L L I T E  
INTERPLANETARY 
S A T E L L I T E   O R B I T  
ASTRONAUT 
€NTRY 
MARS 
TRACK I NG 
PAYLOAD 
SPACE 
CORRECTION 
S IMULATOR 
SPACECRAFT POWER SUPPLY 
SPACE  SCIENCE 
REENTRY 
REQUIREMENT 
BOOSTER 
PROPULSI  ON 
TA9.Gt T 
V E H I C L E  
E X P L O R A T I O N  
HAM 
C O M M U N I C A T I O N S   S A T E L L I T E  
MERCURY  PROJECT 
MARS  /PLANET/ 
TERM NUMBER 
90 lf* 
13297* 
141 16* 
6258* 
16694* 
9047 
14861* 
7 59 
10077 
96  89 
9046 
10857 
8168 
16148 
1058 
14894 
1055 
9874 
14855 
904 9 
2784 
14935 
14913 
8 2 3 5  
13812* 
7569 
13806 
940 
4779 
9126 
16659 
11244 
14918* 
3092 
14426 
14854 
149  19 
13182 
13317 
1709 
12458 
I60 13 
17407 
502 5 
9059 
2802 
9298 
9127 
FIGURE 8 ASSOCIATION PROFILE FOR ANALYST'S TERMS I N  FIGURE 7 
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WEIGHT 
o0527+ 
00527+ 
0527+ 
o0527+ 
oO527+ 
0504+ 
0504+ 
0504+ 
00481+ 
oO481+ 
00458+ 
00458+ 
00458+ 
oO458+ 
.0435+ 
00435+ 
00435+ 
0412+ 
*0412+ 
00412+ 
0412+ 
041 2+ 
0389+ 
..0389+ 
.03a9+ 
03a9+ 
oO389+ 
00366+ 
-0366+ 
mO366+ 
0 344+ 
0344+ 
0 344+ 
0 343+ 
.0321+ 
00321+ 
oO321+ 
oO321+ 
00321+ 
oO321+ 
00298+ 
oO298+ 
0275+ 
oO275+ 
00275+ 
00275+ 
0275+ 
oO275+ 
BATCH 1 ASSOCIATIVE  RE RI VAL 
WORD 
NASA PROGRAM 
SATELLITE OBSERVATION 
STATION 
THRUST 
SUBSYSTEH 
PILOT 
INERTIA 
DISPLAY 
PLANET 
POSITION 
METEOR01 D 
LAUNCH VEHICLE 
GYROSCOPE 
TELEVISION 
SPACE ENVIRONMENT 
STABILIZATION 
TELEMETRY 
LUNAR 
CELESTIAL 
WEIGHTLESSNESS 
REFERENCE 
FLIGHT 
PLANETARY 
RECOVERY 
FLIGHT TEST 
ELECTRIC PROPULSION 
INSTRUMENTATION 
SUPPLY 
VENUS 
CAPABILiTY 
SCIENCE 
ELLIPSE 
GRAVITATIONAL 
ACQUISITION 
REENTRY VEHICLE 
EARTH 
VI S U M  
ORIENTATION 
ALTITUDE 
BALL1  STICS 
OPTIMIZATION 
ACCURACY 
L I ? T  
PATH 
PROGRAHHING 
OPTIMUM 
ARTIFICIAL 
CONTROL 
i 
PAGE 2 
TERM  NUMBER 
100 55  
13803 
15268 
16453 
15613 
11689 
7341 
3980 
11789 
12128 
9409 
8239 
6300 
16082 
14890 
15167 
16071 
877 0 
2231 
17855 
13187 
5448 
11782 
13131 
5456 
442 7 
7460 
15742 
17434 
2046 
13918 
4647 
6183 
10 5 
13185 
4254 
17591 
10896 
49 8 
1242 
10819 
62 
8369 
11233 
10821 
873 
30 10 
12385 
! 
I 
FIGURE 8 (CONTINUED) 
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5. Submission  of  the  Phase I1 Profile-  Search. - Figure 9 shows t h e  
p r o f i p o g r a m  f o r  the  search conducted through 
the  pre-1965 co l lec t ion .  A t  t he  head  o f  t he  l i s t  appear  the 11 terms i n  t h e  
ana lys t ' s  s ea rch  p resc r ip t ion  wh ich  were no t  i n  the  1000- t e rm as soc ia t ion  
vocabulary. These were a l l  appended t o  t h e  p r o f i l e  w i t h  e q u a l  w e i g h t s .  
However, we made these weights lower than they would normally be made for  one 
t o  u s e  i n  a real  sea rch  s ince  the re  was a n  i n t e r e s t  i n  s e e i n g  t h e  e f f e c t  o f  
t he  a s soc ia t ion  we igh t s  upon t h e  document ranking produced. 
The r e s u l t ,  t h e n ,  i s  a s l igh t  modi f ica t ion  of  the  " fu l ly  au tomat ic  
associat ive search" opt ion,  wherein a r eques t  i s  submit ted to  the program 
and the  only  output  the  reques tor  sees  i s  t h e  f i n a l  l i s t i n g  o f  r e t r i e v e d  
documents. For i n   t h i s  example, no s e l e c t i o n  o f  "preferred"  search terms 
was made by us .  
Figure 10 shows t h e  f i r s t  few documents r e t r i e v e d  - -  those ranked 
h ighes t  by the  associat ive  search  process .   Rather   than  present ing  the  whole 
l i s t  f o r  t h e  r e a d e r ' s  i n s p e c t i o n ,  we t u r n  t o  comparing t h e  a s s o c i a t i v e  
search output  with what  the analyst  had earlier chosen t o  b e  r e l e v a n t  and 
summarize the qual i ty  of  the search using his  judgments .  
6 .  A Br ie f  Appra isa l  o f  the  Ret r ieved  Documents. - We have appraised 
the  ou tpu t  o f  t he  a s soc ia t ive  sea rch  in  two ways. F i r s t ,  w e  conducted a 
b l ind  eva lua t ion  -- judging the output documents for  re levance  wi thout  
knowledge  of t h e  a n a l y s t ' s  s e a r c h  r e s u l t s .  We then  ob ta ined  the  ana lys t ' s  
r e s u l t s  and made those comparisons of  the two o u t p u t s  t h a t  were d i r e c t l y  
ob ta inab le  from the   da ta .   These  two a p p r a i s a l s  a r e  summarized i n  t h i s  
s e c t i o n ,  and  they show t h a t  t h e  two searches were closely comparable in 
performance (as they were meant t o  b e ) .  
a .  Our own appraisal .  - The associat ive  search  output   contained 
437 documents whose nota t ions  of  conten t  (NOC) were pr inted,  in  ranked order ,  
as  they would be  p re sen ted  to  the  r eques to r .  Th i s  set  o f  437 r e t r i e v e d  
documents included 126 classif ied  documents .  The whole l i s t  ( b o t h   c l a s s i f i e d  
and unclassified documents) was p resen ted  to  a s ingle  judge  who assessed 
t h e  documents fo r  r e l evance  to  the  r eques t .  
The judge began h i s  e v a l u a t i o n  w i t h  i n s t r u c t i o n s  t o  a s s e s s  
re levance on a four   po in t   sca le .  But he  found  such  detailed  judgment  too 
d i f f i cu l t  t o  accompl i sh  us ing  the  NOC. (This  judge  had  previously  had no 
d i f f i c u l t y  e v a l u a t i n g  50-100 word a b s t r a c t s  on a f o u r  p o i n t  s c a l e  i n  o t h e r  
experiments   using  another   col lect ion.)  The judge   f e l t   t ha t   no t  enough 
information i s  g iven  in  the  NOC to  pe rmi t  him to  be  comfor t ab le  wi th  h i s  
judgments. He f e l t  h e  was b e i n g  a r b i t r a r y  and i n c o n s i s t e n t  when h e  t r i e d  
t o  make a d is t inc t ion  be tween "per iphera l ly  re levant"  and  "qui te  re levant"  
using  only  the 10 or  12  words of  t ex t  tha t  compr ise  the  NOC. The p o i n t  s c a l e  
was t h e r e f o r e  abandoned a f t e r  fewer than 50 documents  had  been  looked a t ,  and 
a b ina ry  sca l e  (1  = r e l e v a n t  enough t o  b e  s e n t  t o  t h e  r e q u e s t o r ,  0 = apparent ly  
i r r e l e v a n t  -- don ' t  s end  to  the  r eques to r )  was used. 
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OUTPUT LIMIT I S  100 
INPUT WEIGHT 
9999 
9799 
9999 
9999 
9999 
9999 
9993 
9999 
9999 
9999 
9993 
8 965 
7 6 8 1  
3 5 3 1  
2958 
204U 
1 6 7 3  
1 6 0 5  
1 4 4 4  
1 4 2 1  
1 3 2 9  
1 2 8 4  
1 2 1  5 
1215 
1197. 
1 0 5 4  
1 0 5 4  
0 9 6 7  
0963 
0894 
0871 
084H 
0 8 2 5  
O R 0 2  
0802  
O R 0 7  
0 7 5 5  
0 7 5 5  
0 7 5 6  
0 7 3 3  
0688 
0665 
0 6 6 5  
0 6 6 5  
0 6 6 4  
0 6 4 2  
0 642  
1 2 3 ~  
FIGURE 9 PROFILE  USED FOR ASSOCIATIVE  SEARCH ON "RENDEZVOUS AND DOCKING" 
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INPUT WEIGHT 
0 64? 
0642 
0019 
G619 
0613 
0596 
0536 
0573 
0 573 
0573 
055C 
0527  
0 5 2 7  
0527 
0527 
0 527 
0 504 
0504 
0504 
0431 
0481 
0458 
0 4 5 8  
0455 
0435 
0435 
0435 
041 2 
041 2 
0412 
041 2 
041 2 
0389 
033'3 
039 9 
03199 
0 3 8 3  
0 366 
0366 
0366 
0344 
0344 
0 344 
034.3 
0321 
0321 
0321 
0321 
0321 
0458 
FIGURE 9 (CONTINUED) 
34 
BATCH 1 DOCUMENT  RETRIEVAL  PAG  1 
A63-15841  GUIDANCE  TECHNIQUES  TO  ACHIEVE  INTERCEPTION  OR  RENDEZVOUS  WITH AN EARTH 
SATELLITE AND COMPARISON  WITH THOSE.USED IN FIRE-CONTROL  APPLICATIONS 
A63-15841  SATELLITE  INTERCEPTION  WITH  RENDEZVOUS.  NORMAN  E. SEARS AND 
PHILIP G. FELLEMAN/MASSACHUSETTS  INSTITUTE  OF 
TECHNOLOGY,  INSTRUMENTATION  LABORATORY,  CAMBRIDGE,  MASS./  IN-AIR, 
SPACE, AND INSTRUMENTS - DRAPER  ANNIVERSARY VOLUME. NEW  YORK, 
MCGRAW-HILL  BOOK  CO.,  INC.,  1963,  P.  120-137. 10 REFS. 
FELLEMAN,  P.  G.  SEARS,  N.  E. 
14915  13037 
A63-12388  DISCUSSION  OF  THE  REASONS  FOR  THE  NASA  DECISION  TO  USE  LUNAR  ORBITAL 
RENDEZVOUS  INSTEAD  OF  DIRECT  FLIGHT  OR  EARTH  RENDEZVOUS  OPERATIONS 
CENTER, W T O N ,  VA./INTERNATIONAL  SCIENCE  AND  TECHNOLOGY,  FEB. 
1963,  P. 62-70. 
HOUBOLT,  J.  C. 
~63-12388 LUNAR RENDEZVOUS.  JOHN c. HOUBOLT/NASA, LANGELY RESEARCH 
11466  12587 
N62-12834  NATIONAL  ERONAUTICS AND SPACE  ADMINISTRATION. 
17728200LANGLEY  RESEARCH  CENTER,  LANGELY  STATION,  VA. 
ABORT  TECHNIQUES  FOR  MANNED  SPACECRAFT 
RESEARCH  CENTER,  LANGLEY  STATION,  VA.  SOME  ABORT  TECHNIQUES AND 
PROCEDURES  FOR  MANNED  SPACECRAFT.  JOHN  M.  EGGLESTON. )1962) 25  P. 12 
REFS.  FOR  PRESENTATION  AT  THE  NATIONAL  IAS  MEETING  ON  MAN*S  PROGRESS  IN 
PH, $0.95 MF. 
EGGLESTON,  J.  M 
N62-12834  NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION.  LANGLEY 
THE  CONQUEST  OF  SPACE,  ST.  LOUIS,  MO.,  APR.  30-MAY 2, 1962.  OTS-  $2.60 
2598  10 80 
A63-13960  DISCUSSION OF AN  ORBITAL  RENDEZVOUS  BASE  SYSTEM  FOR  ORBITAL  ASSEMBLY  AND 
LAUNCH  OF  MANNED  LUNAR  AND  INTERPLANETARY  VEHICLES 
A63-13960  EARTH-LUNAR  LOGISTICS  EMPLOYING  ORBITAL  ASSEMBLY  AND 
LAUNCH.  N. V. PETERSEN, H. REICH AND R. S .  SWANSON  /NORTHROP  CORP., 
NORTHROP  SPACE  LABORATORIESy  HAWTHORNE,  CALIF./  IN-  SPACE  LOGISTICS 
ENGINEERING.  NEW yo=, JOHN  WILEY  AND  SONS,  INC.,  1962, P. 339-433. 41 
REFS. 
PETERSEN, N. V. REICH,  H. 
13035  9674 
~- FIRST  FFAWDOCUMENTS - RETRIEVED  IN  ASSOCIATIVE  SEARCH 
(Figure 10) 
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Our judge found that 254  documents q u a l i f i e d  a s  " r e l e v a n t "  i n  
the   s ea rch   ou tpu t .   Tha t  i s ,  he  "accepted"  them.  Based on these  judgments,  
w e  p lo t t ed   t he   pe r fo rmance   cha rac t e r i s t i c   cu rve   (12 ) .   In   f i gu re  l l a ,  t h e  
p l o t  shows cumulat ive relevance points  -- i n  t h i s  c a s e  c u m u l a t i v e  number 
of  "accepted"  documents -- vs.   ranked on the  ou tpu t  l i s t .  We see t h a t  by 
t h e  time the judge had read 100  documents,  he  had  found 92 accepted documents; 
by t h e  t i m e  he had read 200 documents, he had found 162 accepted, etc. 
Figure lib i s  de r ived  d i r ec t ly  f rom the  pe r fo rmance  cha rac t e r i s t i c  
curve.  It i s  a p l o t  o f  t h e  a c c e p t a n c e  r a t i o  a s  a funct ion  of   the  rank.  
Before one can compute a s i n g l e  o v e r a l l  f i g u r e  f o r  a c c e p t a n c e  
r a t i o  o r  p r e c i s i o n  r a t i o  o f  a search  wi th  ranked  output ,  i t  is  necessary 
to  de t e rmine  how  many documents a re  to  be  cons ide red  " re t r i eved" .  To t h i s  
end, i t  i s  n e c e s s a r y  t o  t r e a t  t h e  e v a l u a t i o n  i n  a more  "dynamic" sense .  
The  documents a re  inspec ted ,  of course ,  in  the  order  prescr ibed  
by the  r ank ing ,  so tha t  t he  cu rve ,  when r e a d  f r o m  l e f t  t o  r i g h t ,  is a t r a c k  
o f  t he  judge ' s  r eac t ions  to  the  document NOC's he  looked a t .  I f  we n o t e ,  f o r  
example,  the behavior of the curve between the 160th and 260th documents 
examined, w e  n o t i c e  i t  has   fa i r ly   s teady   s lope   o f   about  . 7 1 .  This  means 
t h a t  d u r i n g  h i s  i n s p e c t i o n  o f  t h i s  r e g i o n  o f  t h e  o u t p u t  l i s t ,  the judge was 
accept ing   be t te r   than  two out  of  every  three  documents  inspected.  This 
acceptance  ra te  changes ,  o f  course ,  as  one  proceeds  f rom le f t  to  r igh t ,  
i . e . ,  down the ranked l i s t ,  a s  i s  c l e a r  f rom the plot  of  " local  acceptance 
r a t e "  i n  f i g u r e l l c -  A t  t h e  head  of  the l i s t  ( t h e  f i r s t  100  documents)  the 
acceptance  ra te  was b e t t e r  t h a n  n i n e  o u t  o f  t e n ,  c e r t a i n l y  a s a t i s f a c t o r y  
r a t e .  A t  t h e  end o f  t he  l i s t  -- t o  t h e  r i g h t  of  rank 360 on t h e  p l o t  - -  
t h e  r a t e  had dropped t o  l e s s  t h a n  two out   of   ten.   This  i s  cons ide rab le  
punishment with l i t t l e  reward. 
Each person inspecting such a ranked l i s t  h a s  h i s  own to l e rances  
fo r   devo t ing   e f fo r t   t o   r ead ing   fu r the r   on   t he  l i s t .  I f  h e  is eage r ly  
mot iva ted  to  obta in  an  exhaus t ive  search ,  he  may proceed much f u r t h e r ,  
cont inuing  to  look  for  a few more relevant ones even when he i s  f ind ing  
only one r e l evan t  document in   every   t en .   I f   he   does   no t   regard   g r inding  
through the l i s t  a s  d i s t a s t e f u l ,  and h i s  mot iva t ion  i s  strong, he might 
proceed even fur ther .  
More typ ica l  behavior  would  be t o  f e e l  t h a t  a point  o f  diminishing 
returns  has  been reached at  about  the 260th ranked document ,  where the 
acceptance  ra te  begins  to  de te r iora te  rap id ly .  Those  who a r e  i r r i t a t e d  by 
f ind ing  more than one non-relevant document out  of  every  ten  inspec ted  
would be  disenchanted  at   about  the  100th  ranked  document.  Those who want 
e x a c t l y  100 relevant documents would proceed to  the  110 th  ou tpu t  document 
and s t o p  t h e r e .  Our judge went a l l  t h e  way through the  output  to  def ine  
the   curve ' s   shape   as   fa r   ou t   as  we thought was interest ing.   Hardly  anyone 
would  go s o  f a r  i n  p r a c t i c e .  
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FIGURE 11A PERFORMANCE  CHARACTERISTIC  CURVE  FOR  THE 
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Some r e a d e r s  o f  t h i s  r e p o r t  may be  wi l l i ng  to  accep t  ou r  
j u d g e ' s  r e a c t i o n s  as t y p i c a l  o f  t h e i r  own. Such a r eade r  can  r ead i ly  
de te rmine  h is  own assessment o f  t h e  q u a l i t y  of. the  output  by s tudying the 
curves and est imat ing how f a r  h e  would probably proceed down t h e  l i s t .  
b. 'Compar ison  wi th  the  ana lys t ' s  search .  - We. s t a t e d  ear l ier  
tha t  the  ana lys t  had  conducted  what he bel ieved was a t i g h t  s e a r c h  and 
achieved  an  acceptance r a t e  of  92%. We ob ta ined  the  r e su l t s  o f  t he  
a n a l y s t ' s  s e a r c h  -- t he  set  of unclassified documents which he accepted -- 
af ter   complet ing  our  own eva lua t ion  i n  ( a ) .  We found  he  had  accepted 
179 documents t h a t  came from t h e  same p o r t i o n  o f  t h e  c o l l e c t i o n  which 
w e  searched.   (His   output   a lso  contained  addi t ional   accepted  documents  
from the 1965-to-date  port ion of  the NASA c o l l e c t i o n . )  
Of t h e  179 documents, a l l  bu t  36 were r e t r i e v e d  by t h e  a s s o c i a t i v e  
search.  
A deta i led  ana lys i s  of  the  omi t ted  documents  was r e p o r t e d  s e p a r a t e l y .  
The impor tan t  po in ts  for  the  present  d i scuss ion  a re  tha t  the  major i ty  of  
them would have been retr ieved by the  assoc ia t ive  search  had  we g iven  the  
ex t r a  emphas i s  t o  the .  ana lys t ' s  t e rms  d i scussed  ea r l i e r .  
The remaining 143 "overlap" documents (those which the analyst 
accepted and  which w e  r e t r i eved)  had ,  as noted in (a) above, been previously 
evaluated  for   re levance by our  judge.  There  were  only  13  cases  of  dis-  
agreement -- i . e . ,  our  judge  had  ear l ie r  re jec ted  13  o f  t h e  a n a l y s t ' s  a c c e p t e d  
documents. We have reviewed these discrepancies  and  most of  them a r e  
reasonably explained by the  d i f fe rence  be tween what t h e  NOC s t a t e s  and 
t h e  more complete information revealed about the document through the  se t  
o f   t e rms   ass igned .   There   a re   a t  most four  documents  where  our  judge  would 
want t h e  a n a l y s t  t o  r e c o n s i d e r  h i s  a p p r a i s a l .  Our judge  and  the  analyst  
agreed very wel l  on the "overlap" documents - -  over 90% agreement, even 
u s i n g  d i f f e r e n t  document d e s c r i p t i o n s .  
Our judge,  however,  found  61  other  unclassified  documents  in  the 
a s soc ia t ive  sea rch  ou tpu t  which he judged relevant .  We do  not know whether 
t h e  a n a l y s t  would  have  agreed. We can  deduce  (because  the  analyst   had a 
92% accep tance  r a t io )  t ha t  he  p robab ly  on ly  r e j ec t ed  abou t  15  documents 
i n  t h e  s e t  from  which he  accepted  179. H e  probably  did  not  look a t  most 
o f  t h e  6 1  e x t r a  documents t h e  a s s o c i a t i v e  s e a r c h  r e t r i e v e d .  
Conclusion: The f a c t  t h a t  t h e r e  were t h e s e  6 1  a d d i t i o n a l ,  a l l e g e d l y  r e l e v a n t ,  
documents in  the associat ive search output  merely demonstrates  that  the 
a s s o c i a t i v e  s e a r c h  seems to  be  accompl ish ing  what it i s  meant t o  do. It 
i n  no way demons t r a t e s  t he  " supe r io r i ty"  o f  a s soc ia t ive  sea rch  ove r  t he  
analyst 's   performance.  For  example,   had  the  analyst   conducted a looser  
search,  maybe he  would have  r e t r i eved  these  61  and more. 
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E. Second-Generat ion  Associat ion  Prof i les  
1. Fundamentals. - The  forrpula w e  have  employed t o  measure  the 
degree  of   associat ion  between two terms i s  A = fab , where  fab 
i s  the  co-occurrence  count   and  fa ,  fb are t h e  term f r e q u e n c i e s .  I f  
f ab  = 0, i . e . ,  t h e  two terms do not  co-occur ,  then  the  assoc ia t ion  s t rength  
between them is obviously  zero.  The measure is  s t rongly  dependent  upon 
the  co-occurrence  count,  and a b a s i s  f o r  i t s  use i s  r ead i ly   s een .  L e t  d 
b e  t h e  t o t a l  number of   documents   in   the   co l lec t ion .  Then f a /d  i s  t h e  
p r o b a b i l i t y  t h a t .  a document (picked a t  random  from t h e  c o l l e c t i o n )  i s  
pos t ed   t o  term a. S imi l a r ly   fb /d  i s  t h e  p r o b a b i l i t y  t h a t  a document i s  
pos t ed   t o  term b. The p r o b a b i l i t y  t h a t ,  by chance,  the document i s  
p o s t e d  t o  both a and b i s  t h e  p r o d u c t  o f  t h e s e  p r o b a b i l i t i e s ,  v i z .  : 
ab - f a -  fb 
'chance ( a - b )  = f a -  f b  d d  
The expected number of  documents  posted to  both terms i s  simply d times 
t h e  p r o b a b i l i t y  P ( a - b ) .  The r a t i o  below is  r e a d i l y  computed: chance 
Observed No. of  co-occurrences = fab 
Expected No. o f  co-occurrences f a  
f ab 
famfb 
e--. d - . -  f b  . d 
d d  
Except  for a constant  o f  p r o p o r t i o n a l i t y  ( d ) ,  t h i s  i s  the  assoc ia t ion  measure  
Aab we have used. 
This  i s  a " f i r s t -genera t ion"  assoc ia t ion  measure  by v i r tue  o f  be ing  
c r i t i c a l l y  d e p e n d e n t  on the co-occurrence o f  t h e  two te rms  in  ques t ion .  
I f  t h e  two terms happen  never t o  co -occur ,  t hen  th i s  fo rmula  e f f ec t ive ly  
s t a t e s  t h e y  are not  assoc ia ted  (or ,  more a c c u r a t e l y ,  t h a t  e v i d e n c e  t o  t h a t  
e f f e c t  i s  n o t  p r e s e n t  i n  t h e  d a t a  which was used in the model).  
For some time, researchers  have  recognized  tha t  a simple co-occurrence- 
based   assoc ia t ion   measure   has   th i s   inherent   l imi ta t ion .  Two synonymous 
terms, for instance,  might w e l l  tend not to  co-occur  , yet  they  ought  to  
be  found  "associated"  by  the s t a t i s t i ca l  procedure.  An ideal  measure o f  
the  degree  of  assoc ia t ion  be tween terms should  take  such  an  e f fec t  in to  
account.  
Second-generat ion associat ions provide an appeal ing avenue toward 
c i r cumven t ing   t h i s   de f i c i ency ,  The i d e a ,   i n t u i t i v e l y ,  i s  t h i s :   i f   t h e  
f i r s t - g e n e r a t i o n  a s s o c i a t i o n  p r o c e s s  i s  w o r k i n g  f a i r l y  w e l l ,  t h e n  t h e  f i r s t -  
gene ra t ion  p ro f i l e s  fo r  any  term may be construed as a summary of  the  
terminological  environment  of  the term i n  q u e s t i o n .  It d i s p l a y s  t h e  co- 
occurr ing terms which are found,  with surpr is ing frequency,  in  the 
environment  ( i .e.  , an   index   se t )   conta in ing   the   g iven  term. The p r o f i l e s  
of  two nea r ly  synonymous terms  should  resemble  each  other:  AIRCRAFT'S 
p r o f i l e  should resemble AIRPLANE'S more c l o s e l y  t h a n  i t  r e sembles  the  p ro f i l e  
of almost any o t h e r  term. 
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While many computable  def ini t ions of  "resemble" can be wri t ten,  one 
resemblance  measure  wi th  the  v i r tue  of  s impl ic i ty  i s  a s t r a igh t fo rward  
co r re l a t ion   co -e f f i c i en t :   t he   p ro f i l e   (vec to r ) .   f o r   t e rm a i s  c o r r e l a t e d  
wi th  the  p ro f i l e s  (vec to r s )  fo r  a l l  t he  o the r  t e rms  b ,  and  the  r e su l t i ng  
set  of  cor re la t ion  measures  serves  as a "second-generat ion associat ion" 
p ro f i l e .   Th i s  class of  procedures  (measuring  the  resemblance  of  profiles) 
offers  an avenue toward the machine discovery of  synonyms and near-synonyms. 
Even though AIRCRAFT and AIRPLANE never co-occur, they could have a high 
degree of "second-generation association" as a consequence  of  the  s imi la r i ty  
of t h e i r  f i r s t - g e n e r a t i o n  p r o f i l e s .  
2. P r a c t i c a l i t y .  - The pract ical   problems  involved  in   s tudying  the 
s i m i l a r i t y  o f  p r o f i l e s  a r e  q u i t e  s e r i o u s  when t h e  s c a l e  o f  t h e  d a t a  b a s e  
under  study is  increased.  The computa t iona l   opera t ions   a re   ex tens ive .  
F i r s t ,  o n e  must ob ta in  an  a s soc ia t ion  matrix over a sizeable segment of 
vocabulary employed i n  t h e  d a t a  b a s e .  Each  column of  tha t  mat r ix  conta ins  
one  t e rm ' s  a s soc ia t ions  wi th  the  r e s t  o f  t he  vocabu la ry  ( the  bas i c  da t a  
used  to  c rea t e  the  term p r o f i l e s  w e  have exhibi ted so  far) .  
One must t h e n  c o r r e l a t e  t h a t  column w i t h  a l l  t h e  o t h e r  columns  of 
t h e  a s s o c i a t i o n  m a t r i x  t o  g e t  one second-genera t ion  prof i le .  The a c t  o f  
c o r r e l a t i n g  j u s t  one column with the given one involves  several  hundred 
mul t ip l i ca t ions   and   add i t ions .   Th i s   y i e lds  a s i n g l e  number: the  second- 
genera t ion  assoc ia t ion  s t rength  be tween te rm a and term b. I f  t h e r e  are 
1000 terms i n  the subset  of  the vocabulary under  s t u d y ,  the  process  needs 
to  be  r epea ted  1000 t imes  to  ge t  t he  1000  such  numbers t h a t  make up one 
second-genera t ion   prof i le .  To g e t  t h e  1000 p r o f i l e s  t h a t  a r e  a v a i l a b l e ,  
i t  is  necessary  to   repeat   the   foregoing  package  of   s teps  1000 t imes.  I f  
t he  bas i c  co r re l a t ion  ope ra t ion  ( the  inne rmos t  l oop  of  m u l t i p l i c a t i o n  and 
add i t ion  p lus  "ove rhead"  ope ra t ions  l i ke  t e s t ing  fo r  column no. matches , 
for overflow, etc.)  can be accomplished in n hundredths of a second by 
computer,  the total  machine t ime involved for the whole task i s  one mil l ion 
times  n. 
Our t e s t s  i n d i c a t e  t h a t  n = 2 i s  an  appropr i a t e  f igu re  fo r  t he  
a s s o c i a t i o n  m a t r i c e s  we have  examined. I f  one were will ing t o  throw 
away a good por t ion  o f  t h e  f i r s t  g e n e r a t i o n  a s s o c i a t i o n  p r o f i l e  - -  
concent ra t ing  a t ten t ion  only  on measuring resemblance using the "top few 
terms on t h e  l i s t "  -- t h e  number n would be  reduced .  But  the  sc ien t i f ic  
v a l u e  o f  t h e  r e s u l t s  would be jeopardized.  On the  o the r  hand ,  r e t a in ing  
and processing a l l  the  assoc ia t ions  in to  which  a given term e n t e r s  - -  each 
term i s  associated with almost  a l l  o t h e r s  - -  i s  not necessary,  and would 
r a i s e  t h e  v a l u e  o f  n considerably.  The va lue  n = 2 i s  a reasonable  
compromise,  and it  l eads  us  to  e s t ima te  tha t  abou t  s ix  hour s  o f  compute r  
time would be needed t o  c a l c u l a t e  t h e  whole set  of second-generation 
a s soc ia t ion   p ro f i l e s .   The re  are o t h e r  c o s t s  as w e l l  - -  other  programs 
t h a t  need t o  b e  r u n .  n u s ,  2 f i g u r e  i n  t h e  v i c i n i t y  o f  t e n  o r  t w e l v e  h o u r s  
of  7094 time is  a fa i r  es t imate  of  the  cos t  o f  incorpora t ing  second-genera t ion  
a s s o c i a t i o n s  i n t o  a 1000 x 1000 matr ix .  
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Forbidding though this investment may seem, it cannot  be ruled out  
on a c o s t  b a s i s .  It i s  an  ope ra t ion  tha t  needs  to  be  done  on ly  r a re ly  -- 
poss ib ly  every  year  or  so when t h e  a s s o c i a t i o n  matrix i s  updated. I f  
one can point  to  about  $10,000 worth of  improvement a t t r i b u t a b l e  t o  u s e  o f  
the  second-genera t ion  assoc ia t ions  (e .g . ,  sav ing  one-ha l f  man y e a r  o f  e f f o r t  
somewhere, or  providing an improvement in  pe r fo rmance  o r  s e rv i ce  tha t  
i n c r e a s e s  t h e  number o f  a c t i v e  u s e r s  o f  t h e  NASA co l l ec t ion )  t hen  the  cos t  
is  j u s t i f i e d .  I n  l a r g e  o p e r a t i n g  s y s t e m s  s u c h  c o s t s  c a n  b e  j u s t i f i e d ;  
research  budgets,   however,   cannot  embrace  such  investments  easily.  
3 .  . Decisions Made. - In  the  be l i e f  t ha t  u se  o f  s econd-gene ra t ion  
a s s o c i a t i o n s  was both  economica l ly  feas ib le  and  sc ien t i f ica l ly  promis ing ,  
we incorpora ted  the  capabi l i ty  to  ca lcu la te  and  use  them in to  the  sys tem 
design.  Indeed, a reading   of   the   sec t ion   en t i t l ed   "Matr ix-Process ing  
Program" i n  P a r t  111 w i l l  show f a i r l y  e x t e n s i v e  c a p a b i l i t i e s  f o r  o b t a i n i n g  
combina t ions  of  f i r s t ,  second,  and h ighe r  gene ra t ion  a s soc ia t ions  as des i r ed .  
In  keeping  wi th  our  objec t ive  of  tak ing  research  ideas  out  of  the  labora tory ,  
programs to  inco rpora t e  such  ideas  in to  the  Assoc ia t ive  Re t r i eva l  Sys t em 
a r e  f u l l y  o p e r a t i o n a l .  
But  because the evidence as  to  the usefulness  and need for  second-  
genera t ion  assoc ia t ions  remains  ambiguous  a t  the  present  t ime,  we have not 
made the actual  investment  of  incorporat ing the second-generat ion associat ions 
i n t o  t h e  a s s o c i a t i o n  m a t r i x  w e  have used in t e s t  ope ra t ions .  In  ou r  
judgment i t  has  been  premature  to do so.  We b e l i e v e  f u r t h e r  e x p l o r a t i o n  
and  assessment  of  the  pros  and  cons  of  such  an  action are r equ i r ed .  Almost 
nothing i s  known about  what  the associat ion matr ix  for  an operat ing system 
o f  th i s  s i ze  shou ld  " look  l i ke . "  It has seemed p r u d e n t  t o  c h e c k  f i r s t  
t o  s e e  i f  t h e  f i r s t - g e n e r a t i o n  a s s o c i a t i o n  matrix has  the  k ind  of  def ic ienc ies  
tha t  cou ld  be co r rec t ed  by us ing  the  second-gene ra t ion  a s soc ia t ions  r a the r  
than gambling on scanty evidence. 
I n  l i e u  o f  a b lanket  inves t iga t ion  of  second-genera t ion  assoc ia t ion  
p r o f i l e s ,  we have programmed,  and  used, a l e s s  e f f i c i e n t  b u t  f a r  more 
f lex ib le  conf igura t ion  of  programs whose purpose i s  to  pe rmi t  t he  exp lo ra t ion  
of   the  contr ibut ion  of   second-generat ion  associat ions.   This   arrangement  
involves using the 1401 Retrieval program twice,  with some intermediate  
ad jus tmen t s  t o  ob ta in  second-gene ra t ion  p ro f i l e s  whose mathematical  propert ies  
a r e  f u l l y  known. The procedure i s  developed in  Appendix B where  the 
mathematical   correspondences  are shown.  For the   p resent   purposes ,   the  
d e t a i l s  a r e  n o t  s i g n i f i c a n t  e x c e p t  t o  p r o f e s s i o n a l  r e s e a r c h e r s  i n  t h e  f i e l d ,  
and we s k i p  them. 
4 .  Some F i r s t - G e n e r a t i o n   P r o f i l e s   f o r  Synonym P a i r s .  - Before  examining 
a second-genera t ion  prof i le ,  i t  i s  va luab le  to  d i sp l ay ,  s ide -by- s ide ,  t he  
f i r s t - g e n e r a t i o n  p r o f i l e s  f o r  s e v e r a l  p a i r s  o f  terms that could be thought 
o f  as near synonyms. We have  included  f ive  such  pairs  from the  1000-term 
assoc ia t ion  vocabulary  for  which  an  assoc ia t ion  mat r ix  was prepared. The 
p r o f i l e s  f o r  t h e s e  terms (over the 1000-term vocabulary) are shown in  F igure  12:  
ROCKET - 
FUEL 
EXTRATERRESTRIAL - 
MAN 
VELOCITY 
- 
- 
- 
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MISSILE 
PROPELLANT 
SPACE 
HUMAN 
SPEED 
HE I GHT 
2499+ - 2 199+ . 1399+ - 1299+ 
1299+ . 1199+ 
1099+ . 1099+ 
,0899+ 
-0799+ 
.0799+ 
,0799+ 
.0799+ 
.0799+ 
.0799+ 
.0699+ 
.0699+ 
.0699+ 
.0599+ 
.0599+ 
.0599+ 
.0500+ 
.0500+ 
.0500+ 
.0500+ 
,0500+ . 0400+ 
.0400+ 
.0400+ 
.0400+ 
,0400+ 
.0400+ 
.0400+ 
.0400+ 
.0400+ 
.0400+ - 0400+ 
,0400+ 
,0400+ 
.0400+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
0300+ 
0400+ 
0400+ 
,0300+ 
WORD 
ROCKET 
ROCKET  NOZZLE 
SOLID  PROPELLANT ROCKET ENGINE 
CASE 
SOUND1 NG 
MOTOR 
EXHAUST 
ROCKET ENGINE 
F I R I N G  
BOOSTER 
PROPELLANT 
MINUTEMAN  ICEH 
NOZZLE 
ENGINE 
VALVE 
THRUST 
L I Q U I D  PROPELLANT 
SOLID  PRGPELLANT 
I G N I T I O N  
PROPULSION 
EROSION 
B A L L I S T I C S  
S O L I D  
STAGE 
CHAMBER 
PAYLOAO 
FUEL 
HYBRID 
REFRACTORY MATERIAL 
TANK 
LAUNCH 
LAUNCH  VEHICLE 
SPACECRAFT  PROPULSION 
S P E C I F I C  
COMBUSTION 
IMPULSE 
I N J E C T I G N  
ION  ENGINE 
O X I D I Z E R  
UPPER  ATMOSPHERE 
UPPER 
VECTOR 
BALLOON 
ABLATION 
ALTITUDE 
GRAPHITE 
HYDRAZINF 
H IGH  ALT ITUDE 
WE I GHT 
-6399+ 
.1599+ 
1299+ . 1199+ 
-0799+ 
,0699+ 
-0599+ 
.0599+ 
0500+ 
-0500+ 
0 500+ 
0 0400+ 
-0400+ 
-0400+ 
.0400+ 
-0400+ 
0400+ 
0400+ 
0400+ 
0400+ 
.0400+ 
0400+ 
.0400+ 
0400+ 
0400+ 
-0300+ 
-0300+ 
-0300+ 
-0300+ 
.0300+ 
0300+ 
0300+ 
0300+ 
-0300+ 
.0300+ 
0300+ 
.0300+ 
0300+ 
-0300+ 
-0300+ 
0 300+ 
-0300+ 
.0300+ 
.0300+ 
-0300+ 
-0300+ 
END O f  BATCH- 
WORD 
M I S S I L E  
B A L L I S T I C S  
WEAPON 
MINUTEMAN  ICBM 
GUIDANCE 
F I R I N G  
RANGE 
TARGET 
TRACK I NG 
FLIGHT  TEST 
LAUNCH 
ROOSTER 
A C Q U I S I T I O N  
AERODYNAMICS 
HYDRAULICS 
PROJECTILE 
REENTRY 
M I L I T A R Y  
MOTOR 
SUBSYSTEM 
TRAJECTORY 
TERMINAL 
EXHAUST 
STAGE 
ATTITUDE 
BLAST 
CAMERA 
AERODYNAMIC 
AIRBORNE 
GYROSCOPF 
PROJECT 
PROPULSION 
RADAR 
TELEMETRY 
T E L E V I S I O N  
F L E X I B I L I T Y  
F L  I GHT 
SPACE  VEHICLE 
S T A B I L I Z A T I O N  
COMMAND 
ENTRY 
ROCKET  ENGINE 
SECOND 
ROCKET 
VALVE 
I NERT.I A 
FIGURE 12a. FIRST GENERATION PROFILES FOR ROCKET AND MISSILE 
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WEIGHT 
.3799+ . 3499+ 
1799+ 
-1299+ . 1099+ 
.0999+ 
.0999+ 
.0999+ 
.0999+ 
.0999+ 
.0899+ 
-0899+ 
.0899+ 
.0799+ 
.0799+ 
.0799+ 
.0699+ 
.0699+ 
0 0699+ 
.0699+ 
.0699+ 
.0699+ 
.0599+ 
-0599+ 
.0599+ . 0599+ 
*0599+ 
.0500+ 
o0500+ 
.0500+ 
.0500+ 
.0500+ 
-0500+ 
.0500+ 
.0500+ 
o0500+ 
-0500+ 
.0500+ 
0400+ 
0400+ 
-0400+ 
.0400+ 
-0400+ 
.0400+ 
.0400+ 
-0400+ 
- -0400+ 
.0400+ 
WORD 
FUEL 
FUEL  CELL 
L I Q U I D  PROPELLANT 
URANIUM 
O X I D I Z E R  
HYDROCARBON 
REACTOR 
TANK 
COOLANT 
ELECTROLYTE 
HYDRAZINE 
HYDRIDE 
VALVE 
F I S S I O N  
SOLID  PROPELLANT 
CELL 
BATTERY 
BINDER 
MEMBRANE 
FLAME 
COMBUSTION 
I G N I T I O N  
A D D I T I V E  
HY B R I  D 
POWERPLANT 
PROPELLANT 
ROCKET ENGINE 
BIOCHEMISTRY 
L I Q U I D  
SPACECRAFT POWER SUPPLY 
S P E C I F I C  
STORAGE 
CATALYST 
CORE 
ELEMENT 
ENERGY CONVERSION 
IMPULSE 
ROD 
H I G H  ENERGY 
HYDROGEN 
PRODUCT 
PROPULSIGN 
NUCLEAR 
THRUST 
CONTAMINATION 
COOLING 
RADIOACTIVITY 
MIXTURE .I 
WEIGHT 
2499+ 
-2399+ 
2299+ 
2299+ 
2099+ - 1799+ 
.1699+ 
.1499+ . 1499+ . 1399+ . 1399+ . 1199+ 
1199+ . 1199+ . 1199+ 
.1099+ 
-0999+ 
.0999+ 
.0999+ . 0999+ 
-0899+ 
.0899+ 
.0899+ 
.0899+ 
.0899+ 
.0799+ 
.0799+ 
.0799+ 
.0799+ 
.0699+ 
-0799+ 
-0699+ 
.0699+ 
.0699+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
oO599+ 
.0599+ 
.0500+ 
.0500+ 
.0500+ 
.0500+ 
.0500+ 
-0500+ 
.0500+ 
WORD 
PROPELLANT 
SOLID  PROPELLANT 
L I Q U I D  PROPELLANT 
SOLID  PROPELLANT ROCKET ENGINE 
VALVE 
BINDER 
PERCHLORATE 
HYDRA2  INE 
O X I D I Z E R  
AMMON I UM 
ROCKET ENGINE 
HYBRID 
HYDRIDE 
S O L I D  
I G N I T I O N  
TANK 
GRAIN 
MINUTEMAN  ICBM 
F I R I N G  
ROCKET  NOZZLE 
CASE 
H I G H  ENERGY 
MOTOR 
COMBUSTION 
IMPULSE 
A D D I T I V E  
AMINE 
FLUORINE 
S P E C I F I C  
ROCKET 
THRUST 
EROSION 
L I Q U I D  
STORAGE 
BOOSTER 
FUEL 
PROPULSION 
NOZZLE 
FLUORIDE 
CHAMEER 
ENGINE 
EXHAUST 
EXPOSIVE 
STAGE 
COMPOSITE 
CRYOGENICS 
I N S T A B I L I T Y  
V I S C O E L A S T I C I T Y  
FIGURE 12b. FIRST GENERATION PROFILES FOR AND PROPELLANT 
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WEIGHT 
.3769+ 
,0539+ 
.0409+ 
.0319+ 
,0259+ 
,0309+ 
,0249+ 
,0239+ 
.0169+ 
,0159+ 
.0129+ 
.0119+ . 0 109+ 
.0099+ 
,0099+ . 0099+ 
,0089+ 
.0089+ 
.0079+ 
.0079+ 
.0079+ 
.0079+ 
.0069+ 
.0069+ 
.0069+ 
.0059+ 
.0059+ 
,0059+ 
.0059+ 
.0050+ 
.0050+ 
.0050+ 
.0050+ 
.0050+ 
.0050+ 
.0040+ . 0040+ 
,0040+ . 0040+ 
,0040+ 
.0040+ 
.0040+ 
.0040+ 
.0040+ 
.0040+ 
.0040+ 
00404. 
.0040+ 
UORD 
EXTRATERRESTRIAL  
L I F E  
MARS  /PLANET/ 
O R I G I N  
MARS 
B I O C H E M I S T R Y  
PLANET 
METEORITE 
E V O L U T I O N  
DUST 
B I O L O G Y  
EXPLORATION 
PLANETARY 
METABOLISM 
METEOR 
ENVIRONMENT 
SPACE  SCIENCE 
ORGANIC 
GALAXY 
R A D I O A C T I V I T Y  
D E T E C T I O N  
VENUS 
SPACE  NVIRONMENT 
COSMIC 
INTERPLANETARY 
ASTRONOMY 
A E R O S P A C E   H E D I C I N E  
GEOLOGY 
I S O T O P E  
ANIMAL  STUDY 
PROBE 
STAK 
C E L E S T I A L  
COMHUNICATION 
SC I ENCE 
EASE 
AN I M A L  
MERCURY  PROJECT 
ENTRY 
EXPOSURE 
SPACECRAFT  PRGPULSION 
S P A C E   F L I G H T  
SPACE 
C O N T A M I N A T I C N  
DETECTOR 
EARTH  ATMOSPHERE 
D I O X I D E  
I N F R A R E D   R A D I A T I O N  
WEIGHT 
. 1899+ 
1699+ 
0 1599+ 
,0999+ 
,0899+ 
-0899+ 
.0799+ 
,0799+ 
,0699+ 
.0599+ 
.0599+ 
.0599+ 
,0599+ 
.0599+ 
.0599+ 
*0500+ 
.0500+ 
-0 500+ 
* 0 5 0 0 +  
-0500+ 
.0500+ 
-0400+ 
-0400+ 
,0400+ 
.0400+ 
.0400+ . 0400+ 
,0400+ 
.0400+ 
*0400+ 
.0400+ 
, 0400+ 
.0400+ 
.0400+ 
0400+ 
,0400+ 
.0300+ 
*0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
0 0300+ 
.0300+ 
.0300+ 
.0300+ 
,0300+ 
0300+ 
WORD 
SPACE 
SPACE  SCIENCE 
SPACE  PROGRAM 
SPACE  NVIRONMENT 
SPACECRAFT POWER SUPPLY 
S C I E N C E  
NASA PROGRAM 
EXPLORATION 
MANNED  SPACE  FL IGHT 
ASTRONAUT 
HETEOROID 
MANNED 
S P A C E   F L I G H T  
SPACE  VEHICLE 
INTERPLANETARY 
B IOLOGY 
AEROSPACE  MEDICINE 
PROBE 
SUPPLY 
MANNED  SPACECRAFT 
WEIGHTLESSNESS 
POWERPLANT 
PROGRAM 
M E D I C I N E  
MERCURY  PROJECT 
M I S S I O N  
TECHNOLOGY 
ENVIRONMENT 
E X T R A T E R R E S T R I A L  
MAN 
SPACECRAFT  PROPULSION 
SPACECRAFT 
S T A T 1  ON 
E L E C T R I C   P R O P U L S I O N  
LABORATORY 
S I HULATOR 
ASTRONOMY 
AEROSPACE 
APOLLO  PROJECT 
GALAXY 
HAZARD 
R E L A T I V I T Y  
MOON 
N A V I G A T I O N  
SUN 
SUPPORT 
L I F E  
MARS 
FIGURE 12c. FIRST GENERATION PROFILES FOR EXTRATERRESTRIAL AND SPACE 
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WE I GHT 
-6899+ 
,5999+ 
.3599+ 
2599+ 
-2199+ 
2099+ 
1799+ 
0 1599+ 
1599+ 
1599+ . 1599+ 
0 1299+ 
1199+ 
0 1199+ 
0 1099+ 
1099+ 
0 1099+ 
0 1099+ 
1099+ 
.0999+ 
-0899+ . 0899+ 
.0799+ 
.0799+ . 0799+ 
.0799+ 
-0799+ 
-0799+ 
.0699+ 
.0699+ 
.0599+ 
-0599+ 
-0599+ 
.0599+ 
,0599+ 
.0599+ 
.0500+ 
.0500+ 
.0500+ 
-0500+ 
.0500+ 
-0500+ 
.0500+ 
-0500+ 
.0500+ 
.0500+ 
.0500+ 
.0400+ 
HANNED  SPACE 
SPACE FLIGHT 
RESPONSE 
WORK 
A V I A T I O N  
BODY 
HAZARG 
EXPOSURE 
MACHINE 
MANNED 
CLCSED 
DOSAGE 
DURATION 
INFORMATION 
SELECTION 
GRAVITY 
WORD WEIGHT 
HUMAN -2969+ 
HUMAN PERFORMANCE -0359+ 
TOLERANCE -0329+ 
PSYCHOLOGY .0219+ 
PHYSIOLOGICAL RESPONSE .0199+ 
PERCEPTION .0169+ 
PHYSIOLOGY -0169+ 
AEROSPACE H E D I C I N E  -0159+ 
FACTOR .0159+ 
MAN 0 149+ 
WEIGHTLESSNESS .0139+ 
RESPIRATION -0129+ 
ASTRONAUT .0119+ 
V I S U A L  .0109+ 
BEHAVIOR .0099+ 
B L O O D  . 0099+ 
M E D I C I N E  .0089+ 
METABOLISM .0089+ 
T R A I N I N G  .0089+ 
P I  LET .ooag+ 
AN I HAL .0089+ 
D I S P L A Y  -0089+ 
BIOCHEMISTRY .0079+ 
ACCELERATION -0079+ 
ADAPTATICN .0079+ 
ENGINEERING 0079+ 
OPERATOR .0079+ 
PERFORMANCE -0079+ 
BIOLOGY ,0079+ 
ANIMAL STUDY -0079+ 
AEROSPACE .0079+ 
MANNED SPACECRAFT .0069+ 
! F L I G H T  .0069+ 
-0069+ 
,0069+ 
.0059+ 
.0059+ 
-0059+ 
.0059+ 
-0059+ 
.0059+ 
,0059+ 
-0059+ 
0059+ 
-0059+ 
.0059+ 
,0050+ 
-0050+ 
WORD 
MAN 
MANNED  SPACE F L I G H T  
MACHINE 
PSYCHOLOGY 
ASTRONAUT 
MANNED SPACECRAFT 
WEIGHTLESSNESS 
HUMAN 
SPACE FLIGHT 
MERCURY PRCJECT 
PERCEPTION 
T R A I N I N G  
PHYSIOLOGY 
HUMAN  PERFORMANCE 
AN I MAL 
APOLLO  PROJECT 
MEDICINE 
TOLERANCE 
RENDEZVOUS 
REQUIREMENT 
OPERATOR 
PHYSIOLOGICAL RESPONSE 
BLOOD 
C A P A B I L I T Y  
AEROSPACE MEDICINE 
SUPPORT 
EXPLORATION 
MAINTENANCE 
COMKANG 
P I L O T  
B I OLDGY 
CAPSULE 
MANNED 
D I S P L A Y  
ANIPIAL STUDY 
E4ETABOLISH 
SUBSYSTEM 
EXPOSURE 
FACTOR 
L I F E  
SPACE  SCIENCE 
DURATION 
LANDING 
SELECTION 
V I S U A L  
A V I A T I O N  
ADAPTATICN 
INFORRATION 
FIGURE 12d. FIRST  GENERATION  PROFILES  FOR HUMAN AND 
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I- 
WE I GHT 
-5699+ 
0 2799+ 
.1399+ 
0 1299+ 
1099+ 
,0999+ 
.0899+ 
-0899+ 
.0799+ 
0799+ 
-0799+ 
-0799+ 
.0799+ 
.0699+ 
.0699+ 
-0699+ 
.0699+ 
.0599+ 
*0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0599+ 
.0500+ 
.0500+ 
.0500+ 
.0500+ 
.0500+ 
.0400+ 
0400+ 
.0400+ 
0 0400+ 
.0400+ 
.0400+ 
0 0400+ 
.0400+ 
-0400+ 
0 0400+ 
*0400+ 
-0400+ 
0400+ 
.0300+ 
WORD 
SPEED 
SUPERSONIC  SPEED 
SUBSONIC 
HYPERSONIC 
FLUTTER 
AERODYNAMIC  CHARACTERISTICS 
BLUNT BODY 
H I G H  SPEED 
BLUNTNESS 
SUPERSONIC 
SWEEP 
DELTA 
WING 
HYPERSONICS 
TAKEOFF 
L I F T  
MACH NUMBER 
AERODYNAMIC 
AERCDYNARICS 
A I R F O I L  
ANGLE OF ATTACK 
N O S E  
LATERAL 
LEADING 
CHARACTERISTIC 
DRAG 
ROTOR 
WIND 
YAW 
TORQUE 
LONGITUDE 
CONE 
D I R E C T I O N  
TUNNEL 
AALLOON 
BLADE 
ALTITUDE 
HELICOPTFR 
RAT IO 
REENTRY  VEHICLE 
SUPERSONIC FLOW 
ENTRY 
FLIGHT  TEST 
LOW 
SPHERE 
S T A T I C  
CONFIGURATION 
B A L L I S T I C S  
WEIGHT 
-2399+ 
,0599+ 
.0599+ . 0599+ 
*0500+ 
.0500+ 
0 0500+ 
-0500+ 
' .0400+ 
.0400+ 
.0400+ 
0400+ 
.0400+ 
.0400+ . 0400+ 
.0400+ 
*0400+ 
.0400+ . 0400+ 
*0300+ 
0 0300+ 
-0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
.0300+ 
. 0300+ 
.0300+ 
.0300+ 
.0300+ . 0300+ 
.0300+ 
.0300+ 
. 0300+ 
.0300+ 
.0300+ 
,0300+ 
.0300+ 
WORD 
VELOCITY 
PROFILE 
METER 
TURBULENT FLOW 
PROJECTILE 
CHANNEL FLOW 
TURBULENCE 
TURBULENT 
P O S I T I O N  
R A D I A L  
STREAM 
FLOW F I E L D  
C O M P R E S S I B I L I T Y  
DETONATION 
D R I   F T  
I N C O M P R E S S I B I L I T Y  
LAMINAR 
LAMINAR BOUNDARY LAYER 
HAKE 
BOUNDARY LAYER 
BOUNDARY 
ACCELERATION 
ANGLE 
A I R F O I L  
GAS FLOW 
GUN 
HORIZONTAL 
GRAD I ENT 
HYPERVELOCITY 
RADIUS 
#EAN 
METEOR 
HOT I ON 
M I X I N G  
MOTION  EQUATION 
TRAJECTORY 
ENTRY 
FRONT 
FLUCTUATION 
FLOK 
FLAME 
FR I C T  I ON 
F L U I D  
LAYER 
SONIC 
SOUND 
DOPPLER  EFFECT 
DUCT 
FIGURE 12e. FIRST GENERATION PROFILES FOR SPEED AND VELOCITY 
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The o v e r l a p  p r o p e r t i e s  o f  t h e s e  p r o f i l e s  are apparent  by inspect ion,  and 
t h e r e  i s  e v i d e n t  r e s e m b l a n c e  i n  t h e  p r o f i l e s ,  as expected. 
However, t h e  most impor tan t  resu l t  der ived  from t h e s e  p r o f i l e s  
i s  the   obse rva t ion   t ha t   t he   words  we thought of as synonyms* co-occur. 
This is  seen by t h e  h i g h  p o s i t i o n  o f  synonym B on t h e  f i r s t - g e n e r a t i o n  
p r o f i l e  f o r  synonym A (and v i c e  v e r s a ) .  While some c o l l e c t i o n s  may be so 
indexed that  synonyms t end  no t  t o  co -occur ,  t h i s  is  appa ren t ly  no t  t he  
case   i n   t he  NASA subcol lect ion  under   s tudy.   Possibly  this   co-occurrence 
phenomenon is  more p reva len t  among the high-frequency terms than it is 
among the lower-frequency ones; possibly it  i s  more a property of  "machine 
terms" than of "published terms". . . These points have not been investigated 
a t  t h i s  w r i t i n g .  
Never the less ,  the  observa t ions  tha t  the  pa i r s  co-occur  i s  evidence 
tha t  second-genera t ion  assoc ia t ions  are of marginal use in improving the 
1000 x 1000 ma t r ix  w e  h a v e  s t u d i e d .  I f  t h e  synonym i s  a l r eady  a s soc ia t ed  
by v i r t u e  of co-occurrence alone,  the second-generat ion process  w i l l  have 
a s m a l l  e f f e c t  ( a t  b e s t  moving t h e  synonym from 1 0 t h  p l a c e  t o  f i r s t  p l a c e  
on t h e  l i s t )  r a t h e r  t h a n  a l a rge  one  ( l i ke  moving a term from 200th place 
to   10th  place) .   While  i t  would  be a e s t h e t i c a l l y  p l e a s i n g  t o  f i n d  HUMAN 
a t  the  head o f  t h e  p r o f i l e  f o r  MAN, i t s  presence  in  7 th  p lace  i s  probably 
good  enough f o r  i n v e s t i g a t i n g  p r a c t i c a l  u s e s  o f  s u c h  p r o f i l e s .  
Accordingly, w e  have seen no pressing need to  use second-generat ion 
a s s o c i a t i o n s  i n  t h e  1000 x 1000 associat ion matr ix  over  the high-frequency 
terms.   Nevertheless ,  w e  a r e   con t inu ing   t o   exp lo re   t he   po in t   fu r the r .  
It i s  much more i n t e r e s t i n g  t o  p u r s u e  a case where the two near- 
synonyms do not co-occur frequently,  and we p u r s u e  t h i s  c a s e  i n  t h e  n e x t  
s e c t i o n .  
5 .  Discussion  of a Second-Generat ion  Prof i le .  - Figure  13 shows an 
a s s o c i a t i o n  p r o f i l e  ( o v e r  t h e  1000 high-frequency terms i n  t h e  NASA 
c o l l e c t i o n )  which inco rpora t e s   s econd-gene ra t ion   e f f ec t s .   Th i s   p ro f i l e  
i s  a combina t ion   of   f i r s t -  and second-genera t ion   assoc ia t ions .  The terms 
labeled * have  r ece ived  we igh t s  t ha t  a r e  a f f ec t ed  by the combinat ion s tep,  
t h a t  i s ,  they are f i r s t - g e n e r a t i o n  terms which  have  had more weight added 
by the  second-generat ion  process .  We s h a l l   i g n o r e   t h e s e   a s t e r i s k e d  
t e r m s  i n  t h i s  d i s c u s s i o n ,  f o c u s i n g  a t t e n t i o n  on the unlabeled ones.  
The unlabeled terms are   second-generat ion  associat ions.   Al though 
they may have co-occurred with the header terms a few times, t h a t  number 
of co-occurrences w a s  s o  s m a l l  t h a t  t h e  d e g r e e  o f  f i r s t - g e n e r a t i o n  a s s o c i a t i o n  
was no t   cons ide red   s ign i f i can t .  The uns ta r red   t e rms ,   in   shor t ,   were  not 
cons idered   assoc ia ted   in   the   f i r s t -genera t ion   computa t ion .  They are   "pure"  
second-generation terms. 
The te rm for  which  th i s  second-genera t ion  prof i le  was prepared i s  
MAGNETOHYDRODYNAMIC FLOW. T h i s  term  embraces phenomena encountered when 
an  e l ec t r i ca l ly  conduc t ing  f lu id  i s  in  motion in  the presence of  a magnetic 
f i e l d  . 
*VELOCITY - SPEED i s  the only except ion so far  noted among the high frequency 
pa i r s .  
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WEIGHT WORD T E R M   N U M b t K  
7 9 6 9 +  
4922+  
4 2 9 8 +  
3940+  
0 3308+  
3085+  
3063+  
.2953+ 
2 9 0 8 +  
2 8 4 2 +  
2800+  
2 6 2 2 +  
0 2 3 4 3 +  
.229 1 + 
2 2 6 8 +  
. 2 @ 9 H +  
2 0 6  1 + 
2 0 2 7 +  
.1973+  
1 9 4 0 +  
1 8 8 3 +  
.1825+ 
.1777+ 
1 7 1 3 +  
1 6 5 9 +  
1552+  
1 4 4 0 +  
0 1 3 9 9 +  
1 3 7 8 +  
.1374+  
1 3 6 4 +  
0 1 3 5 6 +  
. 1 2 8 5 +  
1 2 7 4 +  
.1244+ 
.1225+ 
.1173+ 
1 1 3 8 +  
.1100+  
101 8 +  
0 0996+ 
.0983+ 
0 9 7 2 +  
0 9 6 3 +  
.0938+ 
c1932+ 
0 9 9 2 2 +  
0 391 7+ 
1 n 3 ~ +  
C H A N V E L   F L O ' d  * 
I N C O M P R E S S I B I L I T Y  * 
COPuDUCT I ON * 
I N V I S C I D  * 
C H A N N E L  * 
O N €  * 
S T E A D Y  * 
F L I J I D  * 
C O V P R E S S I B I L I T Y  * 
H Y D R O M A G N E T  I SM * 
V I S C O S I T Y  * 
L A M I N A H  Q 
M A G N t T I C   F I E L O  * 
D 1 " F N S I O N A L  * 
G A . q  F L O W  * 
FLlJ IO MFCHAN I C.5 
Y A G N F T  I S M  * 
P A R A L L E L  * 
I I E Y N O L D S  I\rUM13ER * 
L A W I N A K   L $ O U N D A I < Y   L A Y E R  
T R A N h V t K S E  * 
F- LOW ii- 
V A G N F T  I C  * 
Y A ~ N ~ T O H Y I ~ K O D Y N A M I C ~  * 
C O Y D I J C T I V I   T Y  Q 
HYPE R S O N  I C F L 0 i . d  
F L A T  * 
T W3 
C!)Nn!JCTOR Q 
T l J R R U L E N T   F L O d  
D I 5 5 1  PAT I ON * 
d O U N D A R Y   L A Y E R  Q 
NONc21J I L I R R  I IJV 
F- L n:., F I EL r) 
TIJR:! 'JLENT 
WAKE 
C O N V E C T I O N  
T H R E t  
H Y D R D D Y N A Y  I C 5  
S I J P F R S O N I C   F L O ' . !  
L A Y C K  
3 L l l h l T N E S S  
B O U N D A R Y  
V O R T E X  
W A L L  
F I ELD 
BLUNT t3ODY 
R A R f F A C T  I ON 
A X I 5 Y M M E T R Y  
2 3 3 5  
7 2 8 1  
2 8 9 6  
7 6 2 7  
2 336  
10 735 
1 5 2 8 3  
5 5 1 5  
2 8 4 2  
7 007 
1 7 5 6 1  
1 7 7 4  
8 147 
8 8 7 9  
3 8 8 2  
5 9 0 5  
5 5 1 2  
8 9 1 2  
1 1   1 4 0  
1 3 4 3 4  
8 138 
16  798 
5 4 9 1  
8 8 9 8  
6 9 3 5  
2 t i99  
7 0 7 9  
5 4   1 2  
1 7 0 6 0  
2 9 0 0  
1 7 0 1 5  
3 986 
1 0 3 9 2  
5 4 8 3  
1 7 0 1 9  
1 7 7 1 8  
30.26 
1 6 4 2 1  
6 9 6 4  
1 5 7 2 3  
8 244  
1 6 2 9  
1 7 7 9  
1 7 6 7 1  
1 7 7 2 8  
5 2 6 0  
1 6 3 1  
1 2 9 9 8  
1 1 7 6  
FIGURE 13 SECOND-GENERATION  PROFILE  FOR  MAGNETOHYDRODYNAMIC 
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W E I G H T  
0 C912+ 
2 9 0 2 +  
0 !-!894+ 
9 8 7 2 +  
0 0 8 5 0 +  . r?839+ 
0 8 2 9 +  
3 8 2  7+  
oO811+ . P778+ 
0 0 7 2 2 +  
.c)695+ 
0 6 8 2 +  
.r\658+ 
e C644+ 
C64 1 +  
3 6 2   7 +  
3 6 2 4 +  
0 3 6 2 Q +  
0 3 4 1 4 +  
0 6 0 8 +  
@6U3+ 
0 5 6 2 +  
.3559+ 
0 0 5 5 9 +  
C548+ 
.0529+ . @ 5 2 6 +  . ? 5 2 3 +  
.0512+ 
3 5 0 6 +  
.1)498+ . ? 4 9 4 +  
.3496+ 
.1492+ 
0 4 8 9 +  
. r 7 6 3 +  
.04a2+ 
3 4 6 5 +  . C442+ 
* @ 4 3 2 +  
.0430+ 
0 4 2 h +  
0 4 2 5 +  
3 4 2 2 +  . 0 4 2 0 +  
0 4 1 6 +  
0 4 0 7 +  
0 4 0 4 +  
WORD 
SHOCK  WAVE 
MAGNET 
NUMBFR 
C O I L  
H E A T   R A N S F E R  
DUCT 
S T A S N A T  I ON 
GAS  DY  NAM I CS 
G E N E K A T 9 R  
TUR3LJLENCE 
T H E R M O C O N D U C T I V I   T k  
A I Q F O I L  
H Y P E R S O N I C S  
ACCELERATOR 
E N E R G Y  CON’JEKS 1 ON 
L E A D  I NG 
P L A T E  
I NILET 
SIJBSON I C  
T 4 A P P  I NG 
A I RFLOW 
ELECTROMAGNET 1514 
SHOCK 
C A V I T A T I O N  
Y I X I N G  
F R I C T I O N  
SHOCK  TUNNEL 
I ND!JC T I ON 
S T r 7 F A M  
CURRENT 
E L E C T R I C I T Y  
D RC)P 
PROF I L E  
H Y D 4 A U L I C S  
lJN I FORM 
A Y I S O T R O P Y  
D I P O L F  
V E L O C I T Y  
G E O Y A G N E T I C   F I E L D  
H Y P E R S C N I C  
E L E C T R I C  
X A V E   P R O P A G A T I O N  
S U P E R S O N I C  
G A S  
R A D I A L  
B O I L I N t i  
F Q E E  
G R A D I E N T  
A M P L I F I C A T I O N  
TEHM NUMdER 
1 4 2 6 3  
8 9 6 2  
1 0 6 1 4  
2 6 9 0  
6 4 7 0  
4 1 6 3  
1 5   1 8 4  
5 6 9 9  
1 7 0 1 1  
1 6 3 0 0  
349 
7 0 9 4  
4 5  
4 7 2 3  
8 2 5 4  
1 1 8 8 9  
7 4 2 4  
1 5 6 0 3  
1 6 8 0 8  
3 4 6  
4 5 0 3  
1 4 2 5 0  
2 209  
Y 7 0 2  
5 7 4 5  
1 4 2 5 5  
7 3 1 8  
1 5 4 5 1  
3 3 5 0  
4 3 9 3  
4 1 2 8  
1 2 3 7 7  
6 9 3 1  
1 7 1 8 3  
6 4 8  
3 9   1 3  
1 7 4 2 1  
5 9 9 5  
7 0 8 6  
4 4   3 0  
1 7 8 0 2  
1 5 7 3 0  
5 9 2 4  
1 2   7 8 3  
1 6 7 4  
5 6 8 6  
6 144  
5 6 8  
5 9 6 8  
FIGURE 13 (CONTINUED) 
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The highest-ranked pure second-generation term is FLUID  MECHANICS 
as shown i n  F i g u r e  13.* This term is not a synonym fo r  MAGNETOHYDRODYNAMIC 
FLOW.  On the   o ther   hand ,  it probably   qua l i f ies   as   an   ana logous   t e rm.  On 
a semantic  level  it seems q u i t e  c o r r e c t  t o  s t a t e  t h a t  t h e  two terms both 
app ly  to  ce r t a in  phenomena of  f lu ids  in  mot ion ,  tha t  conceptua l  over lap  
exists even though there are i m p o r t a n t  d i s t i n c t i o n s .  
Whether o r  n o t  t h i s  i s  o f  any  use  in  r e t r i eva l  i s  not   c lear .   There 
e x i s t  s e v e r a l  t h e s a u r i  whose bui lders  thought  it wor thwhi le  to  c ross  re ference  
t h e  two ideas :  in  the  Thesaurus  of  ASTIA Descript ions as w e l l  as i n  t h e  
Bureau_-of  Ships  Technical-  Library Thesaurus of  Descr ipt ive Terms and Code 
- Book, the   en t ry   . for  MAGNETOHYDRODYNAMICS i s  as follows: 
MAGNETOHYDRODYNAMICS 
(Mot ion  o f  e l ec t r i ca l ly  conduc t ing  f lu ids  in  e l ec t r i c  
and  magnet ic   f ie lds  . ) 
Includes : 
Alfven waves 
Magnetofluiddynamics 
Magnetogasdynamics 
Magnetohydrodynamic waves 
Related Terms : 
Electromagnetic waves 
Fluid  f low 
Fluid mechanics 
Magnetic pinch 
Mechanical waves 
Plasma physics 
The STAR Guide recognizes  the  re la t ionship  be tween MAGNETOHYDRODYNAMICS 
and FLUID MECHANICS. But t h e  E J C  Thesaurus  does  not. We can  only  say 
t h a t  t h e  " r e l a t e d n e s s "  of  the  ideas  i s  suppor t ed  a t  l ea s t  i n  pa r t  by the  
recorded  opinion of o the r s :  t he  ex te rna l  sou rces  of confirmation show o n l y  
t h a t  we have not  deluded ourselves  into perceiving an imagined relat ionship.  
Once w e  accep t  t he  idea  tha t  MAGNETOHYDRODYNAMICS and FLUID MECHANICS 
a r e  r e l a t e d ,  t h e  r e l a t e d n e s s  o f  MAGNETOHYDRODYNAMIC FLOW t o  FLUID  MECHANICS 
seems to  fo l low more o r  l e s s .  We have   p laced   ourse lves   in   severa l   d i scuss ions  
with people who th ink  they  know enough about the subject area to  expres s  an  
opinion.  Some perceive  an  "analogy"  relationship  between MAGNETOHYDRODYNAMIC 
FLOW and FLUID MECHANICS, some proceed   to   a rgue   the   d i s t inc t ions .   Obta in ing  
a r e l i a b l e  judgment o f  "near-synonymy" i n  non-obvious cases  requires  r igorously 
cont ro l led   exper imenta l   condi t ions  beyond the   s cope   o f   t h i s   e f fo r t .  However, 
w e  f e e l  t h i s  example i i l u s t r a t e s  t h e  c a p a b i l i t y  which the second-generation 
process  i s  meant to  supply and suggests  some of  the problems involved in  
developing a clear p i c t u r e  o f  i t s  u t i l i t y .  
*MAGNETOHYDRODYNAMIC  FLOW and FLUID  MECHANICS co-occurred in a t  most f i v e  
documents i n  t h e  c o l l e c t i o n .  The  two terms  occurred  in  239 and 283 documents 
r e s p e c t i v e l y .  
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6 .  A "St r ing   Synthes is"   Ef fec t .  - Another   e f fec t   in   the   second-  
gene ra t ion  l i s t  i n  F i g u r e  13 i s  a l s o  o f  some i n t e r e s t .  LAMINAR BOUNDARY 
LAYER, the second-ranked second-generation term -- i s  probably p re sen t  
so l e ly  because  the  cons t i t uen t  pa r t s  LAMINAR and BOUNDAR LAYER were p re sen t  
i n  t h e  f i r s t - g e n e r a t i o n  p r o f i l e .  The e f f e c t  i s  " technical"  and p e c u l i a r  t o  
NASA's  i ndex ing  po l i cy  in  tha t  i ndexe r s  o f  t h i s  co l l ec t ion  ac t ive ly  a s s ign  
cons t i tuent  s t r ings  of  cer ta in  mul t iword  te rms  to  the  document when they post 
t h e  document to   the   longer   t e rm.   Because   o f   th i s ,  as poin ted   ou t   before ,  
s t rong  f i r s t -genera t ion  assoc ia t ions  a re  found be tween shor te r  terms 
(e.g. ,  BOUNDARY LAYER) embedded in   longer  terms ( e . g . ,  LAMINAR BOUNDARY 
LAYER). I t  i s  ev ident   tha t   the   second-genera t ion   process   uses   these   l inks  
t o  i d e n t i f y  terms whose c o n s t i t u e n t s  a r e  h e a v i l y  weighed i n  t h e  f i r s t -  
g e n e r a t i o n  p r o f i l e .  
The usefulness of such a " s t r i n g  s y n t h e s i s "  e f f e c t  was shown i n  
Sec t ion  C .  In   that   example,  WEIGHTLESSNESS and SIMULATION were  both  highly 
a s soc ia t ed  t e rms ,  and  the  des i r ab i l i t y  o f  f ind ing  the  compos i t e  t e rm 
WEIGHTLESSNESS SIMULATION was discussed.  
7 .  Conclus ions   Rela t ive   to  Second-Gg=r&oz-A>sociations. - The 
evidence i s  adequate  to  permit  us  to  conclude that  second-generat ion 
a s soc ia t ions  can  con t r ibu te  to  the  fo rma t ion  o f  more complete  associat ion 
p r o f i l e s  when the re  a re  a s soc ia t ed  t e rms  tha t  do not co-occur frequently 
enough t o  be detected by f i r s t - g e n e r a t i o n  c a l c u l a t i o n s  a l o n e ,  and t h a t  t h e  
idea of  using second-generat ion associat ions cont inues to  have meri t .  
Further  invest igat ion and s tudy could produce useful  resul ts .  
The evidence i s  not  yet  adequate  to  provide a r a t i o n a l  b a s i s  f o r  u s i n g  
or   needing  the  second-generat ion  associat ions  in   pract ice .  Nor has  i t  
been  e s t ab l i shed  tha t  t h i s  avenue  i s  t h e  most promising one to  pursue in  
improving  the  qua l i ty  or  the  usefu lness  of  the  assoc ia t ion  da ta  ava i lab le .  
We consider it a va luable  technique  t o  be  he ld  in  r e se rve  fo r  t he  t ime  be ing .  
F. 88-Term Thesaurus  Development 
INTRODUCTION 
Recogniz ing  tha t  assoc ia t ion  prof i les  could  provide  a id  in  the  cur ren t  
development of Thesauri  for the NASA vocabulary ,  spec ia l  purpose  prof i les  
were  constructed  for   88  vocabulary  terms  of   interest .   These  terms  are  
d i s t r ibu ted  ove r  a broad frequency interval  (204 t o  4493)  and genera l ly  
range over  the conceptual  area of  the col lect ion.  
The association profiles of the 88 terms were computed over  the 
ent i re  18,000 term vocabulary,  and were developed in the following manner: 
a )  A t ape  was prepared  which, for  each  of  the  88  header  terms, 
showed i t s  co-occurrence  frequency  with a l l   o t h e r   t e r m s .  For 
each header term, the co-occurring terms were ranked by frequency 
of co-occurrence, and the sequence was c u t  o f f  a t  r a n k  3,000 
because of computer program limits; 
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b) A l l  terms which  co-occurred  with  the  header  term  only  once 
or  twice  =re d e l e t e d ;  
c) Assoc ia t ion  va lues  w e r e  computed based on the  squa re  roo t  
normalizat ion:  
'ab = fab/ d x  
d) A l l  a s s o c i a t e d  terms w i t h  t o t a l  f r e q u e n c i e s  o f  - t h r e e  o r  l e s s  
were el iminated.  
e) The threshold on a s soc ia t ion  va lues  was i n c r e a s e d  u n t i l  200 
o r  fewer terms remained  for  each  of  the 88 header terms. Note 
t h a t  i n  some cases  inc reas ing  the  th re sho ld  s l igh t ly  du r ing  
th i s  process  caused  the  number of  items on the  l i s t  t o  d rop  
well below 200. 
f )  Each a s s o c i a t i o n   p r o f i l e  was s o r t e d   a l p h a b e t i c a l l y .  
Very pre l iminary  s tudies  sugges ted  the  use  of  the  square  root  
no rma l i za t ion  fo r  p roduc ing  p ro f i l e s  fo r  t h i s  pa r t i cu la r  app l i ca t ion .  
It w a s  apparent ,  however ,  that  there  w a s  no theo re t i ca l  founda t ion  fo r  
t h i s  cho ice  and t h a t  l i t t l e  e x p e r i e n c e  was ava i lab le  concern ing  the  use  
of   var ious   normal iza t ions   to   gu ide   the   se lec t ion .   Consequent ly ,   the  
developments  descr ibed in  the fol lowing sect ions were pursued to  provide 
such experience and foundation. 
1. Background. - Many s t a t i s t i c a l   f o r m u l a s ,   a l m o s t   a l l   o f  them 
based on t h e  s i n g l e  t h e o r e t i c a l  f o u n d a t i o n  o f f e r e d  by t h e  2 x 2 contingency 
table,  have been introduced as candidates for measuring the degree,  
o f  f i r s t  gene ra t ion  a s soc ia t ion  be tween  two index  terms a and b. Generally 
speaking, no f i r m  relat ionship between the choice of  associat ion measure 
and i t s  e f f e c t  upon evaluated  performance  has  been  established.  In  part  
this  has  occurred because no opportuni ty  for  large-scale  in-use " tuning" 
o f  t he  measu res  to  the  spec i f i c  needs  o f  an  ope ra t iona l  r e t r i eva l  sys t em 
has  been  pursued  to  an  experimental   conclusion: The s tudy  of   these 
measures  has  tended to  s tay in  a r e sea rch  con tex t ,  and few p rac t i ce -o r i en ted  
appraisals   have  been made. Nevertheless ,  a few comparative  side-by-side 
appraisals  of  the effect  of  using different  formulas  have been conducted 
in   pi lot   experiments .*   While   c lear-cut   preference  for   one  formula  over  
another  (because i t  is  a be t t e r  d i sc r imina to r  o f  t e rms  judged  to  be  r e l a t ed )  
has  not  emerged  from the  expe r imen ta l  t e s t s  so f a r  r epor t ed ,  t he  in s igh t  
and exper ience  tha t  has  been  ga ined  in  labora tory  tes ts  has  been valuable .  
Not surprisingly,  each formula has been found to  have  some a t t r i b u t e s  
Aab ' 
and some def ic ienc ies .   Apparent ly ,   each   formula   does   p rovide ,   in   p rac t ice ,  
a se t  o f  a s soc ia t ed  t e rms  among which t h e r e  a r e  many "reasonable" ones. 
*See, for  example, Kuhns (22)and  Dennis  (23). 
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What is  annoying i s  t h a t  no c l e a r - c u t  c r i t e r i o n  f o r  c h o i c e  among t h e  
a l t e r n a t e s  h a s  emerged. A s  a r e s u i t ,  few candidate  measures  have  been 
permanently dismissed from consideration, and a . r a t h e r  l a r g e  set  of  
formulas remains available.  
The argument behind a typ ica l  assoc ia t ion  measure ,  when developed 
along s ta t i s t ica l  o r  t h e o r e t i c a l  l i n e s  o f f e r s  l i t t l e  o r  no b a s i s  f o r  
d i s t i n g u i s h i n g  among them.  The reasoning  suggests  comparing  the number 
of  observed co-occurrences with the calculated number of expected 
co-occurrences.  Given two formulas, it w i l l  gene ra l ly   be  found t h a t  
s u b s t a n t i a l l y   t h i s   s u p p o r t i n g   r a t i o n a l e  i s  prof fered   for   bo th ;  
t h e r e  are many ways o f  m e a s u r i n g  s t a t i s t i c a l  s u r p r i s e  o r  t h e  u n e x p e c t e d -  
ness  of  an  observa t ion ,  and a l a r g e  number of  the  ava i lab le  formulas  
can responsibly claim to do SO. Figure 1 4  e x h i b i t s  some of  the  more 
famil iar  measures  and r e c o r d s  t h e i r  t h e o r e t i c a l  i n t e r p r e t a t i o n  o r  
r a t i o n a l e .  
The f a c t  t h a t  a l a r g e  number of formulas has apparently survived 
t h e  e f f o r t s  o f  c r i t i c a l  r e s e a r c h e r s  t o  s e l e c t  among them i s  a curious 
problem  which   faces   the   se r ious   s tudent   o f   assoc ia t ive   re t r ieva l .   There  
d e f i n i t e l y  a r e  d i f f e r e n c e s  i n  how the  various  formulas  behave.  But 
choosing  which i s  "best" ,  even under  s ta ted condi t ions,  i s  a problem 
which has  only rarely been approached.  In  this  sect ion w e  develop some 
o f  t h e  t o o l s  we found he lpfu l  for  compar ing  ranked  te rm l i s t ings  (prof i les )  
produced by the  use  o f  t e rm as soc ia t ion  measu res ,  i n  p rac t i ce .  
2. Equivalent  Association  Measures.  - I n  p r a c t i c e ,  t h e  u s e  o f  o n e  
o f  t h e  a v a i l a b l e  s t a t i s t i c a l  a s s o c i a t i o n  m e a s u r e s  s e r v e s  two purposes.  
The f i r s t  i s  t o  s e l e c t ,  f o r  a given  header term, a l i s t  o f  a s soc ia t ed  
terms, a process  typical ly  accomplished by spec i fy ing  a threshold  for  the  
measure  above  which terms count as "associated."  The second  appl icat ion 
i s  to  p rov ide  a quant i ta t ive measure of  the degree of  associat ion between 
the  associated  terms  and  the  header .  A convenient way t o  p o r t r a y  t h e  
resu l t  o f  apply ing  the  assoc ia t ion  measure  to  the  da ta  i s  t o  r a n k  t h e  co- 
occurr ing  te rms  in  a p r i n t e d  l i s t ,  d i sp l ay ing  the  terms in  decreas ing  order  
o f  the associat ion measure being used.  The order  in  which the terms 
a re  p re sen ted  on such a "prof i le"  exhibi ts  whether  one term is  more* 
assoc ia ted  wi th  the  header  term than another term i s .  
In  a t tempting to  choose among assoc ia t ion  formulas ,  we pos tu l a t ed  
tha t  ou r  f i r s t  conce rn  was t o  f i n d  a measure which yields  an acceptable  
ranking of  associated terms. The magnitudes  of  the  numerical   values  for 
t h e  d e g r e e  o f  a s s o c i a t i o n  a r e  i n i t i a l l y  o f  no i n t e r e s t .  What matters i s  
whether  the most closely associated term under formula A is  one of  the 
most c l o s e l y   a s s o c i a t e d  terms under  formula 3. I f  so,  the  formulas   are  
similar; i f  not , dissimilar .  Genera l iz ing   these   ideas ,  two formulas 
which  y ie ld  the  same ( o r  s u b s t a n t i a l l y  t h e  same) ranking of  terms in  the 
p r o f i l e  a r e  e q u i v a l e n t  from th i s  po in t  o f  v i ew.  
*This is  t r u e  except when t h e r e  are t i e s  produced by t h e  a s s o c i a t i o n  
measure i n  u s e .  
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FIGURE 14 
If 5 and b are  index  terms,  tallies  of  numbers  of  documents  indexed 
(or not indexed)  by  the  combinations  of 5 and b are revealed in the 
2 x 2 contingency  table: 
- a  not 5 Total 
- b fb  fab fb - fab 
not a N-fb f a-f ab N-fa-fb+fab 
Total  fa  N-f  a  N 
where  fa  and  fb are the  frequencies  of  terms 2 and a respectively, 
fab  is  the  number  of  co-occurrences of 5 and b , and  N  is  the  collection  size. 
Various  measures  based on this  table  are: 
f  ab 
Aab = fb 
Aab = fab - - f  afb N 
(IfabN-fafb 1 - $ 
lo fafb (N-fa) (N-fb) 
Aab = Log 
Aab = €ab fa + fb - fab 
(fab - F) 
Aab = 
The  conditional  probability  that  given 
that  term  b  is  assigned  to  a  document, 
term  a  is  also  assigned. 
The  difference  between  the  observed 
number  of  co-occurrences  and  the 
expected  number  based on chance. 
The  chi  square  formula  using  marginal 
values  of  the 2 x 2 table  and  Yates 
correction  for  small  samples. 
The  number  of  co-occurrences  normalized 
by  the  number  of  documents  indexed  by 
only one of  the  terms. 
The number  of  standard  deviations  the 
observed  co-occurrence  falls  to  the 
right  of  the  expected COOC. 
The Derivation  of  Association  Measures  Based on the 
2 x 2 Contingency  Table 
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The no t ion  o f  equ iva len t  r ank ings  i s  impor tan t  pr inc ipa l ly  because  
th i s  i s  t h e  p r a c t i c a l  way t o  t e l l  the  formulas  apar t .  One prepares  
prof i les  using several  formulas  and examines them t o  see which one places 
t h e  most s u i t a b l e  terms a t  or near  the  head  of  the  l i s t .  A t t e n t i o n  t o  t h e  
numerical   values   ass igned is  secondary.  Since we are t r y i n g  t o  relate 
the  behav io r  o f  t he  fo rmulas  to  the  k inds  o f  t h ings  a person comparing 
such  prof i les  s ide-by-s ide  would look for ,  the order ing i s  t h e  p r o p e r t y  t o  
examine f i r s t  . 
3 .  Generating a Spectrum  of  Association  Measures. - The ob jec t ive  o f  
comparing the ranking behavior of various formulas i s  w e l l  served by 
f i n d i n g  a u s e f u l  way t o  p l ace  them a l l  i n t o  t h e  same mathematical form. 
One  way t o  do t h i s  i s  to  deve lop  a g e n e r a l  e x p r e s s i o n  t h a t  g e n e r a t e s  a l l  
t he  fo rmulas  o f  i n t e re s t  and  r educes  to  any spec i f i c  one  by a choice o f  
parameters i n  t h e  g e n e r a l  e x p r e s s i o n .  But a g l ance  a t  the  expressions  for  
Aab i n  f i g u r e  1 4  shows t h a t  a gene ra l  expres s ion  tha t  would inc lude ,  for  
instance,  formula I11 as a special  case would be too complicated to  manage. 
Fo r tuna te ly ,  by d i r ec t ing  a t t en t ion  to  the  approx ima te  r ank ing  p roduced  
by a formula, i t  i s  p o s s i b l e  t o  u s e  a s imple ,  readi ly  unders tandable  model 
for  genera t ing  a use fu l  spec t rum o f  a l t e rna t ives .  
Let term 2 with frequency fa be the header term for which we wish  to  
develop a p r o f i l e .  L e t  some o t h e r  term b, with  frequency fb, co-occur 
wi th  2 fab t imes,  as shown by t h e  m a t r i x  i n  f i g u r e  15. L e t  us now th ink  
o f  2 as de f in ing  ( a s  i t  c l ea r ly  does )  a set  of  documents:  those  documents 
indexed by 2 .  L e t  us  th ink  of  the  o ther  te rms  2 i n  t he  vocabu la ry  
(candidates   for   being  "associated"  with 2)  as s ingle- te rm  reques ts .  And 
d e f i n e  t h e  o b j e c t i v e  o f  e a c h  o f  t h e s e  s e a r c h e s  t o  b e  t h e  r e t r i e v a l  o f  
those  documents  indexed by 2. In  short ,   the  2-indexed  documents  (and  only 
those)   are   "relevant" .  The indexed  ocuments a re   " re t r ieved" .  
With t h i s  c o n c e p t u a l  a t t i t u d e ,  t h e  f a m i l i a r  R e c a l l  and P rec i s ion  
measures can be defined for each term & (wi th  respec t  to  the  g iven  te rm 2 ) .  
They measure - wi th   t he   u sua l   d i sc l a imers  - the  goodness  of as a 
s u b s t i t u t e  f o r  2. 
The r e c a l l  o f  t e r m  i s  the  propor t ion  of  documents  indexed by term 2 
which are also indexed by term b: 
Recallb - fab -fa 
The p r e c i s i o n  o f  term b i s  the  propor t ion  of  documents pos t ed  to  b which 
are also indexed by term a: 
P rec i s ion  = - f ab b f b  
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FIGURE 15 DOCUMENT-TERM  ATRIX SHOWING THAT 
TERM  A  (FREQUENCY fa) CO-OCCURS WITH 
TERM B (FREQUENCY fb) EXACTLY fab TIMES 
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We now have two measu res  o f -  capab i l i t y  to  be  used  in  l i eu  of?; 
s ince  the  degree  to  which  & i s  assoc ia ted  wi th  3 i s  a s i n g l e  number, w e  
wish t o  combine Recall and  P rec i s ion  in to  a single measure. The product 
s u g g e s t s  i t s e l f  s i n c e  a term with  both  high  Recal l   and  Precis ion  should 
have a high value.  But  s ince w e  have no idea  whether  to  cons ider  Reca l l  
more impor tan t  than  Prec is ion  or  v ice  versa ,  we mu l t ip ly  them toge the r  
wi th  ad jus tab le  exponents .  
measures of t h e  a s s o c i a t i o n  
Thus a spec t rum o f  d i r ec t ly  in t e rp re t ab le  
o f  term wi th  term _a is  provided  by: 
where n i s  such   tha t  0 ,  n L 
associat ion measures  and represents  a d i f f e r e n t  i n t e r p r e t a t i o n  of  the 
re la t ive  impor tance  of  Reca l l  and  Prec is ion  in  th i s  v iewpoin t  towards  
a s s o c i a t i o n s .  
Since we a s c r i b e  l i t t l e  merit to  the  ac tua l  numer i ca l  va lue  Aab 
given by a measure,  putt ing emphasis rather on t h e  r e s u l t i n g  p r o f i l e  t e r m  
ranking, w e  a l low o .urse lves  to  a l te r  a given measure including this  one 
so  long as the   ranking   remains   invar ian t   under   the   a l te ra t ion .  Two 
a l t e r a t ions  o f  t h i s  k ind  wh ich  y i e ld  equ iva len t  r ank ings  a re  impor t an t :  
a) Any p o s i t i v e  power of  a formula  which  yields  nonnegative 
associat ion measures  produces the same ranking of terms as t h e  o r i g i n a l  
formula : 
Proof:  A 1 Ax, 5 0 and k h O  implies  Ak Ak 2 0  
XY xy x2 
b)  Also, we w i l l  u sua l ly  be  a l lowed  to  s t r ike  the  f ac to r  fa 
from the measure,  s ince it  i s  t h e  same cons tan t  for  a l l  the  te rms  in  a ' s  
p r o f i l e  and therefore  does  not  a f fec t  the  ranking .  
Apply ing  these  ru les  to  (3 )  y ie lds  the  equ iva len t  fo rmula t ion :  
The model presented above thus yields a spectrum of measures of the 
type Aab = fab - Each such  measure i s  "rank-equivalent  to"  (produces 
fb" 
t h e  same ranking  as )  a formula derived from a spec i f ied  weight ing  of  Reca l l  
and P r e c i s i o n  i n  t h i s  framework. 
The next  task  i s  t o  f i n d ,  f o r  t h e  more complex s t a t i s t i c a l  f o r m u l a s ,  
which  choice  of n produces  subs tan t ia l ly  the  same ranking  of  terms.  This 
w i l l  a l l o w  u s ,  i f  we choose ,  to  in te rpre t  those  o ther  formulas  in  a 
common framework. Let US therefore  examine more c l o s e l y  t h e  way the 
choice of n a f f e c t s  t h e  r a n k i n g  and develop some o f  t he  appa ra tus  fo r  
r e l a t i n g  n t o  more complex measures. 
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Figure 16 shows a graph of  the (fb, fab) space which i s  o f  i n t e r e s t  
because of t h e  form of ( 4 ) .  Each term which co-occurs with the header 
term can be placed as a point  on t h i s  g r a p h  a c c o r d i n g  t o  i t s  frequency 
(fb)  and the number of times it co-occurs  with the header  term (fab).  
(Note t h a t  a l l  terms must be located on or below 45O l i n e ,  s i n c e  fb A f a b . )  
An associat ion measure is  a curve of  s ta ted shape which moves i n   t h i s  
space,  and the ranking of terms on a prof i le  accord ing  to  tha t  measure  
is  the  o rde r  in which this  curve passes  points  which represent  co-occurr ing 
terms. 
Viewing t h e  m e a s u r e s  i n  t h i s  way al lows us  to  perceive which areas of 
the  space  a re  passed  f i r s t  and ,  therefore ,  which  terms are l i k e l y  t o  b e  
highly ranked. 
I n  f i g u r e  17 w e  have shown the curves and movements fo r  va r ious  
values  of  n in  Equat ion  ( 4 ) .  
When n = 1, we have a s t r a i g h t  l i n e  r o t a t i n g  c l o c k w i s e  a b o u t  t h e  
or ig in .   This  i s  the   representa t ion   of   the   measure  
Aab = - f ab f b  
which is  pu re  P rec i s ion  in  terms of  our  model.  Note t h a t  t h e  maximum 
v a l u e  a t t a i n a b l e  a r i s e s  when fab = fb, i .e .  term co-occurs  with term 2 
each t i m e  it occurs.  Thus, a term wi th  the  va lues  fb = 1, fab = 1 o r  
equivalent  must be ranked 81. No d i s t i n c t i o n  is  made between such a term 
and  one wi th  va lues  fb  = 10, fab = 10,  a l though there  seems t o  be more 
evidence of a s s o c i a t i o n  i n  t h i s  l a t te r  case.  
The g raph ica l  r ep resen ta t ion  o f  t he  case  fo r  n = 4 i s  a curve as 
shown i n  f i g u r e  4 again  ro ta t ing  c lockwise  about  the  or ig in .  The measure 
f o r  n = 5 is 
and may be  con t r a s t ed  to  the  case  fo r  n = 1. Now, of course,  a term with 
values  fb  = 10, fab = 10 would be ranked higher than a term wi th  va lues  
f b  = 1, fab = 1. This  phenomenon i s  seen by inspec t ion  of  the  a reas  
covered f i r s t  by t h e  movement of the corresponding curves.  The b e n d i n  
t h e  c u r v e  f o r  n = $ causes it t o  b e  w e l l  above  the  poin t  fb  = 1, fab = 1 
when it crosses  the  poin t  fb  = 10,  fab = 10.  In  general ,  measures  of  the 
type fab divided by some root  of  fb  tend  to  bend more sha rp ly  a s  n 
approaches 0. 
The l i m i t i n g  c a s e  when n does reach 0 i s  given by a h o r i z o n t a l  l i n e  
s t r a i g h t  downward, which moves decreasing fab.  This  measure ranks the 
terms i n   o r d e r  of co-occurrence  count.  (This i s  pure  Recall .)  Not a l l  
poss ib le  ranking  ru les  fa l l  wi th in  the  scope  of  the  model ,  o f  course .  
L 
f a b  
4 
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fb 
FIGURE 16 THE  (fa, fab) SPACE 
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FIGURE 17 GRAPHICAL  REPRESENTATION O F  
VARIOUS MEASURES  SUGGESTED 
BY THE  MODEL 
60 
For example, the extreme case represented by a vertical  l i ne  tha t .moves  
from r i g h t  t o  l e f t  is  n o t  s t r i c t l y  w i t h i n  t h e  s c o p e  of t h e  model, s i n c e  
n would h a v e   t o   b e - d  It i s  of i n t e r e s t  as an  extreme,  however,  and  for 
t h i s  r e a s o n  i s  shown. i n  f i g u r e  1 7 .  It corresponds to  the measure 
Aab = fb .  
To t h e  e x t e n t  t h a t  i t  is important and u s e f u l  t o  i d e n t i f y  areas i n  
the space which are p r e f e r r e d  by d i f f e ren t  va lues  o f  n ,  i t  would be  use fu l  
t o  know t h e  exact d i s t r i b u t i o n  of t h e  p o i n t s  i n  t h a t  s p a c e .  One could 
then  not  on ly  ident i fy  areas of  preference,  but  what  densi ty  of  points  
i n  t h a t  area is. 
For example, one measure might sweep across a p a r t i c u l a r  area i n  
con t r a s t  t o  ano the r  area f o r  a d i f f e r e n t  measure. However, i f  t h e  two 
areas in  quest ion are  extremely sparse ,  the measures  might  yield very similar 
r ank ings .  In  f ac t ,  two qu i t e  d i f f e ren t  measu res  w i l l  y i e l d  t h e  same 
rank ing  i f  t he  terms i n  t h e  ( f b ,  f a b )  s p a c e  a r e  a r r a n g e d  i n  some p a r t i c u l a r  
fashion.  Thus, knowledge  about   the  dis t r ibut ions of f b  and fab i s  valuable .  
Figure 18 i n d i c a t e s  what t h e  d i s t r i b u t i o n s  o f  f a b  and fb might be 
f o r  t h e  terms which  co-occur  with a given header term. The combination 
o f  t hese  d i s t r ibu t ions  y i e lds  a probabi l i ty  dens i ty  func t ion ,  representab le  
by the shaded portions of f i g u r e  18. It would be  poss ib le  empir ica l ly  to  
d e r i v e  t h e  d i s t r i b u t i o n  of ( fb ,  f ab )  by sampling a l a rge  po r t ion  of t h e  
da ta ,  and thus  obta in  the  probabi l i ty  dens i ty  func t ion  previous ly  ment ioned .  
It i s  known by obse rva t ion  tha t  t he  po in t s  are d i s t r i b u t e d  i n  t h e  
manner shown i n  f i g u r e  18, wi th  a very high densi ty  of p o i n t s  i n  t h e  
lower l e f t  hand c o r n e r ,  t r a i l i n g  o f f  h o r i z o n t a l l y  and  upwards.  For t h e  
present purposes w e  need know l i t t l e  more. 
4 .  Relaxonship  With Other  Measures. - In   general   the   shape of a 
curve corresponding to some g iven  a s soc ia t ion  fo rmula  tha t  is a funct ion 
of (fab,  fb) can be obtained by s e t t i n g  t h e  measure equal to a constant .  
This  constant  represents  a p a r t i c u l a r  t h r e s h o l d ,  and the  movement of the  
curve   cor responds   to   a l te ra t ion   o f   the   th reshold .  A s  the   th reshold  i s  
reduced, the curve moves downward and a r ank ing  r e su l t s .  
The measure given by 
Aab = fab  -  f a f b  N 
where N = col lec t ion  s ize ,  has  been  sugges ted  by Maron and Kuhns ( 5 ) .  
m e n  set t o  a cons t an t  ( t o  r ep resen t  a par t icular  threshold K),  and solved 
f o r  f a b ,  (5) becomes 
fab  = K +- f a f b  N 
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FIGURE 18 POSSIBLE  DISTRIBUTION OF POINTS IN THE 
(fb, fab) SPACE 
62 
The g raph ica l  r ep resen ta t ion  o f  f ab  a s  a funct ion of  fb  i s  thus  a 
s t r a i g h t  l i n e  w i t h  small* s lope  fa /N,  emerging  f rom the  ver t ica l  ax is  
a t  t h e  p o i n t  f a b  = K .  
A s  the  threshold  is  r e d u c e d ,  t h i s  n e a r l y  h o r i z o n t a l *  l i n e  moves 
v e r t i c a l l y  downward.  The r ank ing  it produces can be expected to  be 
very similar t o  a ranking by f ab  a lone ,  excep t  t ha t  t he  s lope  of t h e  
l i n e  is  fa/N r a t h e r  t h a n  z e r o .  N o t e  t h a t  we c a n n o t  s t r i k e  f a  o r  N from 
the formula as  they are no t  pu re  add i t ive  o r  mul t ip l i ca t ive  - cons t an t s .  
A similar g r a p h i c a l  i n t e r p r e t a t i o n  i s  g iven  fo r  
Aab 
a measure suggested by Doyle 
When set t o  K and solved for  
- f ab  9 (7 )  
f a  + f b  - f ab  
(16) . 
fab we get 
fab = K 
K + 1  
f b  + 
K + l  
f a  (8) 
Again a l inear  re la t ionship  ex is t s  be tween fb  and  fab  as  in  the  
previous  case.  However, t he   s lope  of  t he   l i ne   app roaches   ze ro   a s   t he  
l i n e  moves f rom the  top  of  the graph (where the slope i s  1 )  t o  t h e  
bottom. 
In the formula suggested by Dennis (23)  and given by 
f a f b  f ab  - N 
Aab = 
we may e l imina te   f a   and   a s   cons t an t s .   Se t t i ng  Aab t o  K and  solving 
f o r  f a b  y i e l d s  
1 
f ab  = K f i  + f b  
t h i s  i s  seen  to  be  r ep resen tab le  a s  t he  sum of  the  square  root  curve  
( i . e . ,  n = 3) and a s t r a i g h t  l i n e  w i t h  s l o p e  f a / N .  S i n c e  we would expect 
fa/N t o  be small, (9) should  y ie ld  a ranking similar t o  t h e  c a s e  when 
n = %. A measure invest igated by S t i l e s  (3 )  and  given by 
Aab = loglo ( 1  fabN - fafbl - $ 
fafb  (N-fa)  (N-fb) 
*Only a handful  of terms ( i n  t h e  NASA vocabulary,   10  of 18,000) 
have  fa/N in  excess  o f  .03. 
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i s  approximately equivalent  to  th .e  ranking produced by the measure 
( f ab  - f) N 
f a f b  
2 
when f a  x fb is  less than N*. S t r i k i n g .  o u t  N and f a  w e  can see t h a t  
t h i s  measure w i l l  approximate the case when n = f. The r e p r e s e n t a t i o n  
o f  t h i s  measure then w i l l  be  a curve very similar t o  
fab = K - fb (13) 
The formulas  treated  above  (except  for  Doyle 's)  are thus  conver t ib le ,  
w i t h o u t  e x t r a o r d i n a r y  d i f f i c u l t y  i n t o  a form where a v a l u e  o f  n i n  
fbn 
o f  a d e s i r e  t o  compare the formulas  within the s impler  framework provided 
by the  Reca l l  and  Prec is ion  model discussed ear l ier .  The r e l a t i o n s  
w i l l  b e  c l e a r e r  a f t e r  s t u d y i n g '  t h e  i l l u s t r a t i v e  e x a m p l e s  i n  t h e  n e x t  
sect ion. 
- fab can be assigned as a c rude  descr ip t ive  parameter .  We do this  because 
5 .  I l l u s t r a t i v e  Example. - The r e l a t i o n s h i p s  among the   va r ious  
formulas  discussed in  the preceding sect ion are i l l u s t r a t e d  i n  t h e  example 
presented  in  F igure  1 9 .  For reasons of  space and clar i ty ,  the length of  
t h e  a s s o c i a t i o n  l i s t s  i s  r a d i c a l l y  c u r t a i l e d .  The d a t a  a r e  drawn  from the 
NASA c o l l e c t i o n  s t a t i s t i c s ,  a c o l l e c t i o n  we n o t e d  e a r l i e r  which contains  
about  100,000  documents  and  18,000  index  terms. 
Figure 1 9  i l l u s t r a t e s  t h e  t o p  15 assoc ia tes  for  the  header  te rm 
"Rocket  Motor  Case" as ranked  by  each  of 9 measures.  The  set  of co- 
occurring terms was f i r s t  r e s t r i c t e d  t o  i n c l u d e  o n l y  t h o s e  t e r m s  b such 
t h a t  2% o r  more of  the i r  occur rences  were co-occurrences with "Rocket 
Motor Case", i . e . ,  fablfb)  .02.  T h i s  r e s t r i c t i o n  c u t  t h e  set  of   candidates  
t o  a b o u t  1 / 3  o f  t h e  set  o f  a l l  terms that co-occurred with the header term, 
and was necessary  because  of computer  program l i m i t a t i o n s .  T h i s  s e l e c t i o n  
governs a l l  t h e  l i s t s  compared i n  f i g u r e 1 9 .  
F ive  of  the  rankings  shown are produced by ar ranging  the  term 
accord ing  to  f ive  choices  o f  n in  equa t ion  4 .  The remaining 4 rankings 
were  produced by measu res  in  f igu re  1 4 .  
Figure 20 shows the  pos i t ion  of  the  curve  represent ing  each  of  the  
measures as it s e l e c t s . i t s  1 5 t h  term. That i s ,  i n   t h e   p o s i t i o n s   i n d i c a t e d ,  
each of the measures has chosen 15 terms as soc ia t ed  wi th  "Rocket  Motor 
Case". The thresholds   cor responding   to   these   pos i t ions   vary ,   and   for  a 
p a r t i c u l a r  measure t h e  t h r e s h o l d  i s  merely the value of  that  measure for  
t h e  term ranked 15. Thus, by se t t i ng  the  measu re  equa l  t o  the  th re sho ld  
represented by the 15th ranked term, the  equat ion  of  the  curve  a t  t h a t  
p o i n t  r e s u l t s .  
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FIGURE 19 (continued) 
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The va r ious  term l i s t s  shown i n  f i g u r e l g a r e  a r r a n g e d  s y s t e m a t i c a l l y  
accord ing  to  the  average  s lopes  of  the  cor responding  curve  in  f igure  20, 
beg inn ing  wi th  the  ve r t i ca l  l i ne  ( fb )  and  ro t a t ing  coun te r - c lockwise  un t i l  
w e  r each  the  45' l ine .  This  a r rangement  cor responds  to  increas ing  n from 
- QO t o  + 1 for those measures derived from the model;  the other measures 
are in t e r spe r sed .  
In spec t ion  o f  t he  l ists  i n  f i g u r e  1 9 w i l l  q u i c k l y  i n d i c a t e  t h a t  t h e y  
a l l  c o n t a i n  a good propor t ion  of  terms which most evaluators would judge 
to  be  a s soc ia t ed  wi th  the  heade r  term, Rocket  Motor Case. This  i s  not 
p a r t i c u l a r l y  s u r p r i s i n g  i n  a vocabulary  of  18,000 terms. There are probably 
150 good assoc ia tes  for  each  middle  f requency  term i n  a vocabulary of 
t h i s  s i z e .  Even i f  i t  w e r e  p r a c t i c a l  t o  p r i n t  t h e  t o p  ( s a y )  200 terms 
he re  , s ide-by-s ide  appra isa l  of the comparative rankings would r e q u i r e  
more e f f o r t  t h a n  t h e  r e a d e r  would expect  (or want t o  d e v o t e ) .  F o r t u n a t e l y ,  
however, w e  can  cha rac t e r i ze  each  l i s t  by descr ib ing  the  types  of  terms 
which  tend  to  appear  a t  the  top  of  the  l i s t .  T h e s e  c h a r a c t e r i s t i c s  a r e  
features  of  the measure which generated the par t icular  l i s t .  Given a 
spec i f i c  app l i ca t ion  fo r  wh ich  the  l i s t  i s  to  be  used ,  w e  could then hope 
to  assess  in  advance  which  measures  would be  expec ted  bes t  to  meet t h e  
a p p l i c a t i o n ' s   r e q u i r e m e n t s .   E s s e n t i a l l y ,  a l l  t h a t  is needed i s  some 
s ta tement  about  which character is t ics  of  highly associated terms a r e  d e s i r a b l e  
f o r  t h e  g i v e n  a p p l i c a t i o n .  
The l i s t  f o r  n = -- i .e . ,  ranking  by fb  a lone ,  i s  surpr i s ing ly  good,  
even when we r e c a l l  t h a t  2% se lec t ion  res t r ic t ion  ment ioned  above .  That  
i s ,  mere ly  se lec t ing  the  h igh  f requency  terms which co-occur with the 
header more than 2% of  the  time -- then ranking them by decreasing frequency -- 
y i e l d s  a l i s t  of   words  that  i s  f a r  f r o m   r i d i c u l o u s .   T h i s   i n d i c a t e s ,   i n  
f a c t ,  t h a t  t h e  term co-occurrence phenomenon i s  a s t r o n g e r  e f f e c t  t h a n  
one   might   be   p red isposed   to   suspec t .   Natura l ly ,   th i s  l i s t  contains   terms 
which tend to  be  very  genera l ,  b road ,  h ighly  used  vocabulary  terms (by 
c o n s t r u c t i o n ) .  It has  the  no tewor thy  a t t r i bu te  tha t  t he re  a re  ha rd ly  any  
terms appearing on t h i s  l i s t  which one needs special  knowledge to  understand.  
(The v e r t i c a l  l i n e  r e p r e s e n t i n g  t h i s  m e a s u r e  was a t  f b  = 637 when t h e  
15th term was chosen. 
The terms on the l i s t  f o r  n = 0 ,  i . e .  , ranking by fab , a r e  q u i t e  
similar t o  t h o s e  on t h e  l i s t  f o r  n = --. Note,   however,   that   the 
const i tuent  terms "case" and  "motor"  have moved into prominence on t h i s  
l i s t .  (The ho r i zon ta l  l i ne  wh ich  r ep resen t s  t h i s  measu re  had the  equa t ion  
fab = 31 when the  15 th  t e rm was chosen.) 
The ranking  of  the  top  15 terms for  the measure fab - fafb i s  
prec ise ly  tha t  o f  the  .p rev ious  measure ,  fab .  Thus t h e  facto! fafb 
was not  grea t  enough t o  i n f l u e n c e  t h e  r a n k i n g  up t o  t h i s  p o i n t .  Note 
t h e  l i n e  a t  t h i s  po in t  has  a l r eady  tu rned  c lockwise  to  a very small s lope ,  
t he  equa t ion  o f  t he  l i ne  be ing  
N 
f ab  = 28 + .00243fb. 
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The l i s t  given by the measure suggested by S t i l e s  d i f f e r s  
s i g n i f i c a n t l y  from  the  previous l ists .  Technical terms, l i k e  "Hydro 
test", "deep  draw"  and "closure"   begin  to   be  included.   This  l i s t  and 
the  next  two are extremely similar, with only minor permutations of 
terms. (The curve  for  th i s  measure  was obtained by p l o t t i n g  a c t u a l  
po in t s  s ince  the  equa t ion  is quite  complex.)  However, f i g u r e  2 0 e x h i b i t s  
t he  obv ious  s imi l a r i t y  o f  this and the next two measures, showing that 
the approximation in  equat ion 12 i s  indeed  va l id  fo r  t h i s  heade r  term. 
The equat ions of  the curves for  the measures  given by 
f ab  -  and - f a f b  f ab 
N 
a r e  
f ab  = (1.58) fi + .00243fb  and @ = (1.73). f b   r e s p e c t i v e l y  
The ranking by f ab  contains  many of   the  pr viously 
f a  + f b  - f ab  
seen terms , p lus  some spec i f ic  addi t ions  such  as  "h igh  s t rength"  and  
" re in fo rced  p l a s t i c " .  The curve   represent ing   th i s   measure  i s  g i v e n  a t  
t h i s  p o i n t  by 
f ab  = .041fb -t 10. 
Next ,  the l i s t  f o r  n = 2 1 3 ,  i . e . ,  %I3, shows the  add i t ion  o f  
f b  
some v e r y  s p e c i f i c ,  h i g h l y  t e c h n i c a l  terms such as "seepage",  "Polaris 
A2A missile" and "Turks head m i l l " .  The equat ion of the  curve  when i t  has  
chosen the 15th term i s  
fab = .9fb . 213 
F i n a l l y ,  t h e  l i s t  given by -f6 when n = 1 i s  presented.  Almost f ab 
a l l  15 terms on t h e  l i s t  a r e  low f requency ,   h ighly   spec i f ic   t e rms .  The 
equa t ion  o f  t he  l i ne  is 
fab = .46 f b  
a t  t h i s  p o i n t .  
The d iscuss ion  above ,  in  conjunct ion  wi th  an  inspec t ion  of  the  
curves  represent ing  var ious  measures ,  shows t h a t  t h e  l ists  corresponding 
t o  v a r i o u s  n t e n d  t o  become  more s p e c i f i c  and  t echn ica l  i n  na tu re  a s  
n goes from --to + 1. 
Comments on the  usefu lness  of  the  88  term thesaurus by NASA 
p e r s o n n e l  a r e  e x p e c t e d  t o  p r o v i d e  a d d i t i o n a l  d a t a  r e l a t i n g  t o  a choice 
o f  no rma l i za t ions  fo r  p ro f i l e  p repa ra t ion .  
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PART I11 
THE NASADL SYSTEM 
A number of programs have been written t o  c a r r y  o u t  a s s o c i a t i v e  
retrieval u s i n g  l a r g e  f i l e s  as da ta  bases .  The overa l l  approach  has  
b e e n  t o  r e d u c e  t h e  d a t a  b a s e  f i l e s  t o  a s i z e  and format adaptable for 
processing. An a s s o c i a t i v e  r e l a t i o n s h i p  among t h e  keywords o f  t he  f i l e  
is  then  es tab l i shed  and  re t r ieva l  is at tempted on the associated key- 
words and, subsequently,  on the reduced data base i tself .  
The NASADL programs have a l l  b e e n  w r i t t e n  e i t h e r  i n  FAP f o r  t h e  
I B M  7090 o r  i n  Au tocode r  fo r  t he  IBM 1401 with a minimum of 8 K  of 
c o r e .  L i s t i n g  a n d  r e t r i e v a l  a r e  c a r r i e d  o u t  on t h e  l a t t e r  machine 
while  a l l  t h e  p r e l i m i n a r y  f i l e  h a n d l i n g  i s  done on the former machine. 
The NASADL 
The f i r s t  t h r e e  
system can be divided into four fundamental  operations:  
1. F i l e   g e n e r a t i o n  
2.  F i l e   u p d a t e  
3 .  Associa t ive   mat r ix   genera t ion  
4. Retrieval 
operat ions each involve a number of program runs. 
The fou r th  ope ra t ion  is  the  runn ing  o f  t he  1401  r e t r i eva l  program. 
A .  Fi le  Handl ing and Matr ix  Generat ion 
1. F i l e  Genera t ion  - The p r imary  inpu t  da t a  to  the  NASADL system 
is  the  L inea r  F i l e  and  the  Inve r t ed  F i l e  p rov ided  by NASA. I n  t h i s  
sequence of runs (see Figures  21-23) ,  t h i s  d a t a  i s  conve r t ed  to  a format 
s u i t a b l e  f o r  f u r t h e r  p r o c e s s  and two main f i l e s  a r e  g e n e r a t e d :  a 
d i c t iona ry  f i l e  w i th  the  f r equency  o f  occur rence  o f  each  keyword i n  
the corpus of document abs t rac ts  and  a term-term f requency  f i l e  w i th  
the frequency of  co-occurrence of  every pair  of  keywords in  the  co rpus .  
Add i t iona l ly ,  t he  L inea r  F i l e  i s  mod i f i ed  fo r  l a t e r  p r in tou t  by t h e  
r e t r i e v a l  program. 
The I n v e r t e d  F i l e  is processed by I N V D I C .  This  program selects 
every unique keyword and writes it out on a s e p a r a t e  f i l e ,  c r e a t i n g  a 
source  d i c t iona ry .  Th i s  d i c t iona ry  is  then  so r t ed  in to  a lphabe t i c  s c i en -  
t i f i c  (af3S) order  for  processing by t h e  7090. 
The second input  to  the  main 7090 run is  prepared by the 1401 
program LINCVT. This program processes the NASA l i n e a r  f i l e  and pro- 
duces two outputs .  The f i r s t  i s  a fo rma t t ed  l i nea r  f i l e  wh ich  i s  later 
r ead  by  the  r e t r i eva l  program. The second is  a f i l e  o f  document terms 
with a l l  t h e  keywords of each document included. 
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GENDIC, us ing the two inputs  discussed above,  prepares  a new 
dic t ionary  f i le  wi th  the  f requency  of  occurrence  of  every  keyword 
appended t o  t h e  keyword. It a l so  p repa res  a f i l e  of a l l  documents 
wi th  the  term numbers r a t h e r  t h a n  t h e  terms themselves appended. 
T h i s  p r o c e s s  t o  t h i s  p o i n t  r e d u c e s  a s ix - t ape  L inea r  F i l e  t o  approx i -  
mately a one-half  tape  packed  document-term (PDT) f i l e .  
The PDT f i l e  produced by GENDIC is  used t o  p r e p a r e  a BCD f i l e  
of t h e  same general  format which can be processed by t h e  r e t r i e v a l  
program. It is a l s o  u s e d  t o  create by TRMPAR a l a r g e  f i l e  of p a i r s  
of keywords  co-occurring i n  t h e  documents.  This f i l e  is  then   so r t ed  
into ascending sequence and reduced by T W R Q  t o  a f i l e  of co-occurring 
keywords,  the  term-term  frequency (TTFRFQ) f i l e .  T h i s  f i l e  i s  t h e  
o r i g i n a l  master f i l e  f o r  t h e  NASADL system. 
The frequency dict ionary prepared by GENDIC is i n  a l p h a b e t i c  
o rde r  ( sc i en t i f i c  s equence )  and a l s o ,  bv d e f i n i t i o n ,  i n  term number 
order .  This  f i le  must  be  sor ted  in to  commerc ia l  sequence  for  the  1401 
r e t r i e v a l  program. It can also be sor ted by frequencv of occurrence.  
A 1401 program cal led LISTS can list e i t h e r  nf t hese  two d ic t ion -  
aries i n  a ,double-columnar  forsnat. LISTS c a n  a l s o  p r i n t  a summary by 
frequency of occurrence of the set  of. kevwords from the freauency- 
ordered  d ic t ionary .  
2. Fi le  Update  - Once a master d i c t i o n a r y  f i l e  and TTFREQ f i l e  
have been created,  a separa te  update  procedure  must  be  fo l lowed to  
add new documents t o   t h e  NASADL system.  (See  Figures 24-27.)  Two 
f i l e s  p repa red  in  the  gene ra t ion  phase ,  t he  mod i f i ed  L inea r  F i l e  and 
t h e  document-term r e t r i e v a l  f i l e ,  are updated. The two o t h e r  f i l e s ,  t h e  
d i c t i o n a r y  and the  TRFREQ, are completely rewri t ten.  
"
A second opt ion  in  the  LINCVT program takes the new documents 
f rom add i t ions  to  the  NASA Linear  F i l e ,  reformats them, and copies 
them onto  the  end of t h e  l as t  t ape  of t h e  m o d i f i e d  l i n e a r  f i l e .  A t  
t h e  same time, LINCVT a l so  p repa res  a f i l e  of a l l  document-term pairs  
which i s  la ter  s o r t e d  i n t o  s c i e n t i f i c  a l p h a b e t i c  s e q u e n c e  by term. 
U P D I C T ,  a p a r a l l e l  t o  GENDIC,  r e a d s  t h i s  s o r t e d  f i l e  and the  
o ld  f r equency  d i c t iona ry  ( in  sc i en t i f i c  s equence )  and  upda te s  the  
d ic t ionary   f requencies .  It a l so   adds   the  new terms t o  t h e  end  of t h e  
d i c t i o n a r y  and a s s igns  new term numbers. A second  output  of UPDICT i s  
a term number-document f i l e .  
This l a t te r  f i l e  i s  ordered by a s o r t  r o u t i n e  by  document and 
wi th in  document  by term number. T h i s  f i l e  i s  then  conver ted  in to  the  
PDT fo rma t  to  a l low fo r  p rocess ing  tha t  pa ra l l e l s  t h . e  f i l e  gene ra t ion  
run. 
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Figure 26 is  q u i t e  similar t o  F i g u r e  22. The ope ra t ions  d i f f e r  
o n l y  i n  t h a t  two of the programs, BCDDTF and TRMFRQ, are run with an 
update  opt ion  ra ther  than  a generat ion opt ion.  The BCDDTF update 
process is t r iv ia l .  The new document  numbers wi th  the i r  t e rm numbers 
are merely appended t o   t h e  end .of t h e   d a t a  on t h e  l as t  ' t ape  of  the  ex- 
i s t i n g  f i l e .  TRMFRQ must update i n  a more' comprehensive manner, 
adding addi t ional  co-occurrences of  exis t ing term p a i r s ,  a d d i n g  i n i t i a l  
co-occurrences for  term pairs  where the individual  terms are a l r e a d y  i n  
the system, and las t ly  adding  co-occurrences  for  terms where one o r  
both have just  been added t o  t h e  system. 
The new dictionary produced by UPDICT is  not  ordered,  and four  
s o r t s  are provided to produce the four desired sequences : term-number 
ordered and alphabetic commercial  sequence for retrieval, a lphabet ic  
s c i e n t i f i c  s e q u e n c e  f o r  f u t u r e  u p d a t i n g ,  and frequency-ordered sequence 
f o r  p r i n t i n g .  
3. Associative Matrix Generation - A genera l  assoc ia t ive  mat r ix  
i s  of  ,the  form (1-i)-'A1I2 where  the All2 a r e  pre- and pos t -nokal -  
iz ing  func t ions .  The invers ion  of such a matr ix  where the matr ix  
dimensions are of the order  of  1000 o r  more is n o t  p r a c t i c a l ,  and thus 
i t  i s  approximated by t h e  e q u a l i t y  
(I-K)-' = I + K + K + K + ... . - - 2  - 3  
Since matrix manipulation of any form is an expensive operat ion,  the 
submatrix K is  ex t rac ted  f rom the  TRFREQ f i l e  by consider ing only those 
terms tha t  have  ind iv idua l ly  occurred  more than some given threshold of 
times. The generat ion  process  i s  shown in  F igu res  28 - 30.  
The f i r s t  p a r t  of the matr ix  generat ion process  is t o  select  t h e  
subset  of terms (a maximum suggested number i s  1000) t h a t  w i l l  be used. 
This is accomplished by D N S W  which a l so  reass igns  consecut ive  mat r ix  
row numbers t o  t h e  terms kept .  It must a lso provide a map s o  t h a t  t h e  
o r i g i n a l  term numbers can  be later restored. This dense matrix is  
then  mul t ip l ied  by the normalizing matrix with the program NORMAL. 
A t  t h i s  p o i n t ,  some approximation to  the inverse of t h i s  m a t r i x  
i s  obtained.  Figure 29 shows t h e  t e c h n i q u e  f o r  a r r i v i n g  a t  t h e  a p p r o x i -  
mation 
- - 2  - 3  
I + K + K  + K  = W E  (I-K) . - -1 
In  F igu re  31 a re  dep ic t ed  the  sugges t ed  p rocesses  fo r  a r r iv ing  a t  t he  
approximations W = I + K and W = I + K + K . By a similar approach, 
t h e  series can be extended out as f a r  as the computat ional  purse s t r ing 
will allow. 
- - - 2  
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Once an  approximation W t o  (I-K) has  been  obtained, it is  again - -1 
normalized with NORMAL t o  keep common terms from exert ing too great  an 
inf luence.  
Since the 1401 is a relat ively s low computer ,  i t  is  n o t  p r a c t i c a l  
t p  p a s s  a 1000x1000 m a t r i x  f o r  a retrieval. In  addi t ion ,  mos t  of  the  
values  are i n s i g n i f i c a n t  when compared t o  t h e  h i g h e r  v a l u e s  i n  a run. 
The matr ix  is  the re fo re  r educed  in  s i ze  wi th  REDUCE by s e l e c t i n g  t h e  
n most s i g n i f i c a n t  e n t r i e s  i n  e a c h  row of  the matrix. The r e s u l t  is  
then passed through DNSMAP a second t i m e  where  the  o r ig ina l  term 
numbers are re - inser ted .   F ina l ly ,   the   format  i s  changed i n  EDIT so 
t h a t  t h i s  data can be accepted by t h e  1401. 
B. Other  Programs 
Several  other  programs not  previously discussed have been wri t ten 
f o r  t h e  NASADL system. These programs permit variations of t h e  b a s i c  
opera t ions  to  be  per formed,  and t h e y  a l s o  c a r r y  o u t  g e n e r a l  u t i l i t y  
func t ions  tha t  have  proven  usefu l .  
The a s s o c i a t i v e  m a t r i x  t h a t  is  generated by t h e  NASADL system 
always consis ts  of t h e  a s s o c i a t i o n s  among t h e  most f requent ly  occurr ing  
terms and i s ,  t h e r e f o r e ,  a square  matr ix .  To f a c i l i t a t e  t h e  s t u d y  of 
t h e  p r o f i l e  of one or more segments of the matrix containing a l l  the  
term co-occurrences, three programs, MODDNS, MODNRM and MODRDU, have 
been writ ten.  These are similar t o  DNSMAF', NORMAL and REDUCE with 
but  small v a r i a t i o n s .  
MODDNS permi ts  the  user  to  spec i fy  f rom one  to  n ine  f requency  
ranges. The program w i l l  retrieve the  complete set of  co-occurrence 
combinations for a l l  terms which have occurred i n  t h e  s p e c i f i e d  f r e -  
quency regions.   Thus,   there  can  be formed a rectangular  matr ix  of  
spec i f i ed  d imehs ion  in  the  row coord ina te ,  wi th  the  number of terms 
i n  t h e  NASADL f i l e  a s  t h e  s i z e  of  the column coordinate .  
To ca r ry  ou t  t he  func t ions  of normalizat ion and re- 
duct ion,  a d i f f e r e n t  map i s  cons t ruc ted  s ince  the  row and column num- 
bers  cannot  be  condensed.  These  programs  also  allow  for rows much 
longer than the main-line programs permit. 
There is c u r r e n t l y  no mechanism for  per forming  mul t ip l ica t ion  
with the rec tangular  matrices. The a d d i t i o n  of t h e  u n i t  m a t r i x  is  
s t i l l  car r ied  out  wi th  IADDER. However, t h i s  program w i l l  only  add 
t h e  u n i t  v a l u e  t o  t h e  rows already present .  The output from MODRDU i s  
processed  in  the  normal  manner by EDIT.  
A program, FRQPAR, has been developed to produce a f i l e  of row 
number/column number/matrix value entries from any matrix-formatted 
f i l e .  A s o r t  t o  o r d e r  t h e s e  e n t r i e s  by  column  number i s  a l so  ava i l ab le .  
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Last ly ,  two u t i l i t y  programs  have  been  provided. PRINTR pro- 
vides  an easy-to-read l is t ing of  the contents  of  any matrix-formatted 
f i l e  o r  of t h e  term-term f requency  f i l e .  A seven-column p r in t  fo rma t  
conserves space. Decimal equivalents  of t h e  matrix va lues  are p r i n t e d .  
CPTRPA m a k e s  a n  e x t r a  copy  of t h e  term-term frequency f i l e .  T h i s  f i l e  
i s  expensive t o  create. This program provides a backup f i l e  i n  t h e  
e v e n t  t h a t  t h e  o r i g i n a l  is  acc identa l ly  des t royed .  
C. 1401 Retrieval Program 
The r e t r i e v a l  p o r t i o n  of  the NASADL system can be carr ied out  
on e i t h e r  an IBM 1401 or  an  IBM 1410 computer. The retrieval run is 
made  up of  two  phases.  Phase 1, shown i n   F i g u r e  32, accomplishes 
word a s s o c i a t i o n  r e t r i e v a l  t o  e x t e n d  t h e  s c o p e  o f  a query. Phase 2 ,  
shown i n  F i g u r e  33 performs the l ibrary search funct ions which re- 
s u l t   i n  document s e l e c t i o n .  
A user  formulates  a query by preparing a set of cards t o  b e  
punched with term names and weights.  H e  a l so  provides  a threshold 
to  determine relevancy and some i d e n t i f i c a t i o n  t o  b e  punched i n  a 
header card.  
The r e t r i e v a l  program uses  as  input  four  f i les  which are crea ted  
and maintained by other phases of the system. 
a .  A d i c t i o n a r y  f i l e  of a l l  keywords  (terms) i n  t h e  li- 
b. A m a t r i x  f i l e  c o n t a i n i n g  term-term a s s o c i a t i o n s ,  t h a t  
b rary  and the code number assigned to  each.  
i s ,  a numer ic  representa t ion  of  the  s t rength  of  the  
relat ionship between a l l  p a i r s  of terms. 
c. A m a t r i x  f i l e  c o n t a i n i n g  document-term a s s o c i a t i o n s ,  
t h a t  i s ,  for  each document t h e  terms which t h e  docu- 
ment has been indexed with. 
s c r i p t i o n  of each document i n  t h e  l i b r a r y .  
d. A document a b s t r a c t  f i l e  which  contains a b r i e f  de- 
Communication  from  Phase 1 t o  t h e  u s e r  c o n s i s t s  of the fol lowing 
r e p o r t s  : 
a. 
b.  
C. 
d. 
Reques t  l i s t ing ,  p rovid ing  a record of the  input  reques t .  
N o t i f i c a t i o n  of unacceptable terms i f  any. Terms not  
i n  t h e  d i c t i o n a r y  a r e  r e j e c t e d .  
"One-word a s s o c i a t i o n ' '   l i s t i n g  and cards.  A "one-word 
assoc ia t ion"  i s  a term p r o f i l e ,  t h a t  is  , a l ist  of a l l  
terms assoc ia ted  wi th  an  input  reques t , t e rm.  In  mat r ix  
terminology, a l l  columns  of t h e  row which represents  
an input  term a r e  p r i n t e d  o u t  as "one-word associat ions" .  
These terms are a l s o  punched o u t  a t  t h e  same time. The 
p r o f i l e s  are produced only i f  t h e  u s e r  r e q u e s t s  them. 
Term-assoc ia t ion   l i s t ing  and cards .   This   repor t  l ists 
a l l  terms found t o  have a r e l evance  f ac to r  g rea t e r  t han  
t h e  t h r e s h o l d .  I n  a d d i t i o n  t o  b e i n g  l i s t e d  , term associa- 
t i o n s  are a l s o  punched on cards and stored on magnetic 
tapes .  
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Phase 2 accepts  input  reques t  terms e i ther  f rom cards  or  f rom a 
term-association tape produced by Phase 1. Unles s  spec i f i c  . ac t ion  
is taken to  introduce card input ,  Phase 2 w i l l  normally proceed using 
tape  input.   Again a r e q u e s t  l i s t i n g  is produced f i r s t .  No o t h e r  re- 
p o r t s  are printed by Phase 2 u n t i l  t h e  f i n a l  r e p o r t  of r e t r i e v e d  
document a b s t r a c t s  is  issued.  The a b s t r a c t  l i s t i n g  i s  ranked by rele- 
vance. 
The system is set up to  ba t ch  p rocess  several reques ts  a t  one 
time. The maximum number  of reques t  sets is 50. There is no i n d i v i d u a l  
l i m i t  on t h e  number of terms t h a t  can be included in  a reques t  s e t ,  
however ,  t he  to t a l  number of terms i n  a l l  sets i s  l i m i t e d  by the machine 
being  used.  For a 1401 with 8,000 characters  of  memory, t h e  l i m i t  is 
300. For a 16,000 character  1401 or  a 1410,  the l i m i t  i s  r a i s e d  t o  900. 
1. Control  Cards - The u s e r  f o r m u l a t e s  h i s  i n i t i a l  i n q u i r y  by de- 
s c r i b i n g  t h e  s u b j e c t  i n  terms recognizable  to  the  sys tem.  The terms 
recognized by the  sys t em a re  those  inc luded  in  the  d i c t iona ry  f i l e .  
While the system vocabulary may be extensive,  request  terms should be 
checked against  a l i s t i n g  of t h e  d i c t i o n a r y  f i l e  t o  p r e v e n t  r e j e c t i o n s  
because of d i f f e r e n c e s  i n  s p e l l i n g  and so f o r t h .  Each term must  be 
weighted.  Weights may range  from +.9999 t o  -.9999. A term with a 
blank or  zero weight  w i l l  be ignored. 
The user must supply some i d e n t i f i c a t i o n  and a Phase 1 thresh- 
hold by means of a reques t  header  card .  Accuracy  to  s ix  dec imal  p laces  
i s  allowed i n   t h e   t h r e s h o l d .  The threshold is  a lways   pos i t ive .   I f  
one-word p r o f i l e s  are des i r ed ,  t he  use r  must punch i n  a 1 i n  column 10 
of  the header .  To a i d  t h e  u s e r s  , a request form such as t h a t  shown i n  
Figure 34 might be employed. 
Unless a u s e r  s p e c i f i e s  o t h e r w i s e ,  h i s  r e q u e s t  w i l l  be processed 
through both phases, and he w i l l  r ece ive  as output  both term associat ions 
and  document r e t r i e v a l  l i s t i n g s .  P h a s e  1 w i l l  prepare a header card 
for  Phase  2 w i th  s t anda rd  va lues  spec i f i ed  as fol lows : 
batch  - each batch number assigned 
input  - w i l l  be  tape  ( ra ther  than  card)  
th reshold  - w i l l  be ,001 
i n p u t  - l i m i t e d  t o  t h e  t o p  50. 
This  card  d i rec ts  Phase  2 to  process  the  reques t .  
The u s e r  may, of course, submit a Phase 2 header card containing 
o t h e r  t h a n  t h e  a b o v e  v a l u e s .  I n  a d d i t i o n  t o  t h e  l i s t i n g s  t h e  u s e r  w i l l  
a l s o  receive from Phase 1 h i s  r eques t  ca rd  deck ,  a s soc ia t ive  terms 
card deck, and a par t ia l ly  comple ted  header  card  for  Phase  2 ( to  be used 
i f  t h e  u s e r  d e s i r e s  t o  r u n  P h a s e  2 again) .  He may then formulate a doc- 
ument retrieval request  using  the  cards  produced  from  Phase 1. This 
deck may be  d i r ec t ly  en te red  in to  Phase  2 processing,  provided that  the 
header card is  completed. The Phase 2 header must s p e c i f y  e i t h e r  c a r d  
o r  t ape  inpu t  by C o r  T i n  column 2. I f  t a p e  is  used  fo r  i npu t ,  t he  
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t ape  to  be  used  and the assigned batch number must b e  i d e n t i f i e d .  Tape 
i d e n t i f i c a t i o n  is the r u n  i d e n t i f i c a t i o n  a s s i g n e d  when t h e  t a p e  was 
w r i t t e n ,  and w i l l  be found on Phase 1 l i s t i n g s .  The par t ia l ly  comple ted  
header card punched by Phase 1 contains tape and batch information, but 
d o e s  n o t  c a r r y  u s e r  i d e n t i f i c a t i o n ,  t h r e s h o l d ,  o r  limits. 
The Phase 2 header card may a l s o  s p e c i f y  a limit on t h e  i n p u t ,  
t h a t  i s ,  i f  o n l y  t h e  20 highest  ranked terms from Phase 1 a s s o c i a t i v e  
r e t r i e v a l  are t o  b e  u s e d  f o r  document retrieval,  t h e  u s e r  w i l l  supply 
an input  limit of 20. I f  no l i m i t  is suppl ied ,  as many terms w i l l  be 
used as the machine 's  core  s torage capaci ty  permits .  
2. System  Operation - Although a phase is made up of many programs, 
the  opera t ion  of  a phase, once i t  i s  s t a r t e d ,  is continuous except when 
tapes  must be changed. When necessary,  the program w i l l  p r i n t  a message 
spec i fy ing  what a c t i o n  is required.  The number of h a l t s  f o r  t a p e  h a n d l i n g  
depends  on  the number of t a p e  u n i t s  i n  u s e .  The sys tem expec ts  e i ther  
4 o r  6 d r i v e s .  With 6 tapes ,   Phase 1 i s  uninterrupted.  Drive numbers 
1 through 6 are addressed regardless  of t h e  number of d r i v e s  available. 
For 6 dr ives  , mount tapes  as fol lows for  Phase 1: 
1. NASADLDICTAPALPHAB 
2. NASADLMATRIXEDITED 
3 .  NASADLDICTAPTERMNO 
4 .  s c r a t c h  
5. s c r a t c h  
6. s c r a t c h  
I f  4 d r i v e s  are a v a i l a b l e ,  mount tapes  1, 4 ,  5 ,  and 6. When the  a lpha-  
s o r t e d  d i c t i o n a r y  on d r i v e  1 i s  no longer needed, a message i s  pr in ted :  
REPLACE NASADLDICTAPALPHAB TAPE ON 1 
WITH NASADLMATRIXEDITED ON 2. 
S imi la r ly ,  when the  ma t r ix  t ape  is  completed, a message i s  p r i n t e d  
d i r e c t i n g  t h e  o p e r a t o r  t o  r e p l a c e  i t  wi th  the  NASADLDICTEEWNO tape  on 
d r i v e  3 .  
I n i t i a l  a s s i g n m e n t s  f o r  P h a s e  2 a r e :  
1. NASADLBCDDTFMATRIX 
2.  NASADLABSTRACTSOOl 
3 .  s c r a t c h  
4 .  s c r a t c h  
5. Input  from  Phase 1 
6. s c r a t c h  
I f  on ly  4 d r i v e s  may be used, mount tapes 3 through 6 and t h e  
program will pr in t  i n s t ruc t ions  a s  needed .  
Several tapes produced by d i f f e ren t  runs  of Phase 1 may be  ca l led .  
To avoid excessive tape handling, the operator should examine request 
header cards and group them by run  iden t i f i ca t ion ,  wh ich  i s  punched i n  
columns 69 through 77. 
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I n  b o t h  p h a s e s ,  a run number must be assigned. A card is punched 
as follows : 
Columns 1-6 - PHASE1 o r  PHASE2 
7-14 - Run i d e n t i f i c a t i o n  
This card is  p l a c e d  i n  f r o n t  of data decks.  The r u n  i d e n t i f i c a t i o n  is 
p r i n t e d  on all r e p o r t s ,  punched i n  a l l  output cards,  and also i s  used 
as a l a b e l  f o r  the Phase 1 output tape which serves as i n p u t  t o  P h a s e  2. 
Request  cards  for  both phases  must  be inser ted i n  t h e  program 
decks where marked. The card containing the run i d e n t i f i c a t i o n  is placed 
i n  f r o n t  of t h e  f i r s t  r e q u e s t .  Each reques t  set must have i t s  header 
card f i r s t .  
A t  the end of Phase 1, ca rd  d i spos i t i on  is as fol lows : 
a. The rightmost  stacker  contains  the  program  deck. 
b .  Inpu t  ca rds  in  the  nex t  s t acke r  are t o  b e  r e t u r n e d  t o  
c. The cen te r   s t acke r   con ta ins   ba t ch   a s soc ia t ion   ca rds  
u s e r s .  
with a par t ia l ly  completed Phase 2 heade r  ca rd  in  
f r o n t  of  each  batch.  These  cards  should  be  inter- 
p re ted  and d i s t r i b u t e d .  
d .  The next   s tacker   contains   Phase 2 header  cards  for  
a l l   ba tches   wi th   s tandard   va lues .   These   cards  become 
inpu t  t o  Phase  2. 
e. The le f tmost   s tacker   conta ins   b lank   cards .  
To a i d  i n  s e p a r a t i n g  b a t c h e s  of ou tput  in  the  center  pocket ,  the  oper -  
a tor  should place blank cards  behind the program deck in  the card 
reader .  The c a r d s  i n  t h e  punch feed should be a con t r a s t ing  co lo r .  
The program w i l l  merge one blank card from t h e  r e a d  s i d e  i n  f r o n t  of 
each batch punched in to  the  cen te r  pocke t .  
A t  the end of Phase 1, the  output  tape  should  be  labe l led  and 
f i l e  p r o t e c t e d .  A message t o  t h i s  e f f e c t  is pr in ted .  
NASADL R e t r i e v a l   P r o g r a m  - Phase . .. . 1 . .... O p e r a t i n g  . .. I n s t r u c t i o n s  
Card  Deck - I n s e r t   c o n t r o l   c a r d   a n d   i n p u t   d a t a   i n t o  
Phase  1 program  deck  where  marked.   (Place 
b l a n k   c a r d s   b e h i n d   p r o g r a m   d e c k .  Use a 
d i f f e r e n t  c o l o r  t h a n  i s  i n  t h e  p u n c h   f e e d . )  
Punch - I n s e r t   b l a n k   c a r d s   a n d   t u r n   o n .  
S w i t c h e s  - S e t   S w i t c h  A and 1 /0  s w i t c h  O N .  All o t h e r  
P r i n t e r  - Any p a p e r ,   a n y   c a r r i a g e   t a p e .  
Tapes  - Tape   a s s ignmen t s  w i l l  b e   p r i n t e d   o u t  by t h e  
Halts - 1111 T a p e   r r o r .  Press  START to t r y  1 0  more 
s w i t c h e s  OFF. 
program.  
t imes.  
m e s s a g e  s p e c i f i e s  w h a t  a c t i o n  t o  t a k e .  
2 2 2 2  O p e r a t o r   a c t i o n   r e q u i r e d .   P r i n t e r  
7777 End o f   phase .  
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NASADL Retrieval Program - Phase 2 Opera t ing  Ins t ruc t ions  
Card Deck - Inser t  cont ro l  card  and  input  da ta  in to  Phase  2 program 
deck where marked. 
Switches - S e t  switch A and 1/0 switch ON. All other   switches ON. 
P r i n t e r  - Any paper,  any ca r r i age   t ape .  
Tapes - Tape  assignments w i l l  be   p r in t ed   ou t  by t h e  program. 
Halts - 1111 Tape e r r o r .   P r e s s  START t o   t r y  10 more times. 
2222 Opera tor   ac t ion   requi red .   Pr in te r  message 
7777 End of phase. 
s p e c i f i e s  what a c t i o n  t o  t a k e .  
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PRODUCING  PROFILES  WITH  SECOND  ORDER 
&SOCIATIONS  USING THE 1401  RETRIEVAL  PROGRAM 
ABSTRACT:  The  Linear  Association  Model  expresses  the  desired  term  asso- 
ciation  matrix  operator  as  matrix  series 
(D + DKD DKDKD i- - - e )  
where D is a diagonal  normalization  matrix  and K is a submatrix  of  the 
co-occurrence  count  matrix.  The  third  term  in  the  above  series  reflects 
the  contribution  of  second  order  associations.  This  appendix  documents 
the  procedure  to  follow  in  using  the  1401  retrieval  program  (Phase I) 
twice  to  discern  the  contribution  of  the  second  order  associations. 
The  procedure  described  is  the  most  attractive  method  avail- 
able  at  the  present  time  for  investigating  second  order  associations  for 
a small  number  of  terms.  Detailed  examination  of  the  effect  of  the 
second  order  associations  €or a few  terms  is  immensely  cheaper  than 
squaring  the  whole  matrix  and  then  looking  at  the  profiles. 
A. Definitions 
Let T be  the  symmetric  matrix  of  co-occurrence  counts,  an 18K x 1 8 K  
matrix  in  the  NASA  case. Tij is a record  of  the  number  of  documents 
containing  both  term i and  term j where  here, by convention,  we  regard 
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the terms t o  be numbered in  decreasing order  of usage frequency. 
Let K be the 1 K  x 1 K  submatrix of co-occurrences among the 1000 
most frequent terms. 
1 8K 
P 
1 8K 
Let F be any hor izonta l  s l ice  mat r ix ,  i . e . ,  submatrix consisting 
of a number of  rows of T. 
1 8K 
18K 
Let D be an 18K x 18K diagonal  matrix  for  which Dii - 1 " 
fi ' 
i . e . ,  a matrix which displays the reciprocal of the term frequencies 
along the diagonal. 
B. The Retrieval Program 
The operation of t he  r e t r i eva l  program can be summarized most 
e a s i l y  i f  we think of i t  as  operat ing with a (v i r tua l )  18,000 x 18,000 
term association matrix A which  can  be made t o  be anything we please.  
Then i f  t he  query is  represented by the 18,000 dimensional column vector q, 
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" 
the  program  produces  (in  Phase I) the  output  vector w = q' , where 
q1 = - 1 
isT4 
n q , i.  e. , a  re-scaled  version  of q. 
In addition  to w, the  program  can  provide on  request, the of 
A for  all  terms with  nonzero  weight  in q (which we  call  "one-word 
associations"). Let p , p , etc. , denote  these one-w~rdasseciation profiles. 1 2 
C .  Available  Matrices 
The  association  matrices  A  available  for  use  by  the  retrieval 
program  to  date  serve  well  to  illustrate  the  reasoning  which  follows. 
The  first  matrix  shall  be  called AF because  it  consists  mainly 
of the  information  from  the  rectangular  slice  matrix F previously 
defined . 
The  matrix  AF  looks  like 
1 8K 
18K 
where  the  shaded  slice  consists of the  same  rows we included  in F. 
But  rather  than  containing  co-occurrence  counts  as F did, the  rows  are 
now normalized. Explicitly 
f 
a) if i is a shaded row, AFi = 100 x fi. p/ 2-7 ij 
j 
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b )   i f  i is  not  a shaded row, AF = 0 i j  
Thus important ly ,  AF is a submatrix  of  100 a (DTD reduced) , i .e.  
of 100 DTD w i t h  a l l  e l e m e n t s  < f 7  thrown away. 
Opera t ing   t he   r e t r i eva l  program using AF produces a "one-word 
a s s o c i a t i o n "   p r o f i l e  p '  f o r  any  term j whose row f a l l s   i n   t h e   s h a d e d  
region.  We know t h a t  t h i s  p r o f i l e  is  a row of  100 (DTD reduced). But 
because   t h i s   l a s t   ma t r ix  i s  symmetric, we can   a l so   regard   p '   as   be ing  
the j th  column.  Thus,  (since  reducing  the  matrices by throwing  out  he 
t iny elements  i s  n o t  a s ign i f i can t  d i f f e rence  fo r  ou r  pu rposes )  we may 
consider   that   p l   above i s  the column v e c t o r  w j  = 100 DTD q j  where 
q j  i s  t h e   u n i t   v e c t o r   w i t h  1 i n   p o s i t i o n  j .  
L e t  us now consider  the other  matr ix  we have  ava i lab le ,  v iz .  the  
mat r ix  AK defined  analogously: 1 8K 
AK = 
18K 
where 
a )   i f  i , j l i e  i n   t h e   s h a d e d   r e g i o n   ( i ,  j,< 1081),   then  for i # j , 
f 
AK = i j  
i j  f i  f 
f 
provided f .  f .  7 t i  (a   var iab le   th reshold  from row t o  row tha t   l eaves  i j  
1 J  
no  more than 120 nonzero elements per row of AK). 
b) for  i = j in the shaded region AK = 1 ii  f
c )  otherwise AK = 0 ij 
We  see  immediately  that  AK  contains  an  approximation  to  the  upper 
left  hand  1K x 1K  submatrix  of D + DTD. 
D. Summary 
For  preciseness,  let  us  define  two  "selection  matrices , I 1  18K x 18K 
diagonal  matrices  with  ones  and  zeros  on  the  diagonal. 
SFii = 1 if i is a term  whose  row  is  in  the  rectangular  slice 
matrix, F a  0 otherwise. 
SKii = 1 if i is  one of the  top  1081  high  frequency  terms, 
0 otherwise. 
Then: AF = 100 SF DTD 
AK = SK (DTD + D) SK 
Normal  operation  of  retrieval  program  with  inquiry q produces 
w =  1 T 
q q  
One  word  associations  output  of  the  retrieval  program  for  a  single 
term  query q j 
W = A q  T j  
99 
E.  Producing t 
1. I n s e r t  term j i n   t h e  program  and  ask f o r  one-word assoc ia t ions .  
Choose j so t h a t  AF appl ies  , i .e. , $ q # 0 F j  
2.  Mult iply by $%-l 
(Small FORTRAN program t h a t  m u l t i p l i e s  o u t p u t  w e i g h t s  on terms by 
their  usage frequency.)  
3 .  P o s e  t h e  r e s u l t i n g  p r o f i l e  t o  t h e  r e t r i e v a l  program again ,   us ing  
the  s tandard  reques t  mode , and the matr ix  AK. 
Result  : 
But 
= 100 SK (D+DTD) $%SFqj 
S o  f a r  we have  assumed,   for   the  broadest   general i ty ,   that  S K q j  
can  be = 0,  i . e . ,  tha t  the  query  term o f  i n t e r e s t  c o u l d  f a i l  t o  be  one of 
the  top  1000. (Our concern  here,  of course,  is  wi th  ge t t i ng  a p ro f i l e  ove r  
the top 1000 t h a t  embodies  the effect  of the square of the 1000 x 1000 matrix.)  
To show how we obta in  second-genera t ion  e f fec ts ,  we analyze the two cases -- 
f i r s t  when the  query term does f a l l  i n  t h e  K matr ix ,  and next   the  case when 
it  does not. 
100 
Case I :  
Suppose,  however, t h a t  
w'  = (D+DTD) SKT$%qj 
And w e  no te  tha t  t he  on ly  d i f f e rence  be tween  th i s  and 
100 d 7  (I+&K2) d D  q j  
is i n   t h e  j th  component of t he   ou tpu t ,  i. e . ,  t h e   s e l f - a s s o c i a t i o n  of j i s  
n o t   c o r r e c t l y   c a l c u l a t e d   i n  w '  . But the  query term i s  u s u a l l y   a r t i f i c i a l l y  
placed a t  the  top  of  the l i s t ,  s o  t h i s  i s  of l i t t l e  concern. O r  we could 
manua l ly  ca l cu la t e  t he  d i f f e rence ,  v i z .  
lOODq - - j - 100 j € 4  
j 
and  add t h i s   i n t o   t h e  j th  component of w '  to   ob ta in   the   exac t   weight   e rm 
j ought   to   receive.   Thus,   the   operat ion of the  program  in   the  s ta ted way does 
i n c l u d e  a c c u r a t e l y  t h e  e f f e c t  of squa r ing  the  a s soc ia t ion  ma t r ix .  
Case 11: 
L e t  sKq j  = o 
Then i t  turns  out  tha t  what  we are g e t t i n g  i s  e x p r e s s i b l e  i n  t e r m s  
of a matrix which has one more row and  column than K i n  Case I. This  matr ix  
N 
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is  the  r e su l t  of pretending that we had increased the s i z e  of the 
submatrix K by one in   order   to   include term j ' s  co-occurrences 
with other high-frequency terms in the matrix. 
L e t  $j be a diagonal  matrix  with a 1 in   pos i t ion  j j  only. 
Then $ j q j  = q j  and ($ K +$ j )q  j $ K I q j  = q j  
Consider the expression 
As i n  Case I, this  expression i s  conver t ib le  d i rec t ly  in to  
which i s ,  by inspect ion,  the  r e s u l t  of  an operation on q j  t h a t  
incorporates   the  effect  of " K 2  , 'with  only  the  weight on term j i n  
e r ro r .  Note t h a t  now the  matrix,  K '  , i s  the  matrix we would have 
obtained  if  term j had been  "wired into  the network,'' i. e . ,  chosen 
as an assoc ia t ion  term. 
We cons ider   ourse lves   sa t i s f ied   i f  we can  produce W" using 
the 1401 r e t r i e v a l  program. But we have shown i n  Case I that  the 
r e t r i eva l  program produces 
Using the  fac ts  
c $ - $  - $ j  K - K' 
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let us substitute  in  this  expression  to  partition  out  various  effects. 
Thus, rewriting: 
wf = 100 (SK1-$j) (D+DTD) (SKI-$') TSK'Dqj 
= loo$ K' (D+DTD) SK'TSK'Dqj 
- loo$' (D+DTD) SK'TSK'Dqj 
+ loo$' (D+DTD) Sj TS Dq K' j 
The  first  term  is W" . 
The  last  term  and  the  second  (because of pre-multiplication of 
a vector  by $j ) consist  of  vectors  with a single  nonzero  element  in 
position j. 
Thus, only the  third  term  remains  to  be  considered.  Its 
contribution  can  be  rewritten 
-l0OSK' (D+DTD) $ j j j  T$ Dq 
But  $jT$j  is  the  selection  of a diagonal  element  from T whose 
diagonal  elements  are 0 .  Thus, the  third  term  contributes 0 .  
Accordingly,  except  for  the j- component, th 
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Thus, w e  see that the use of the 1401 r e t r i e v a l  program twice -- 
f i r s t   w i t h  a one-word prof i le  operat ion using a hollow rec tangular  s l ice  
matrix AF , then  with  the  square  matrix AK -- provides a l l  t h e  i n f o r -  
mation we need for  d i scern ing  the  e f fec t  of second order associations. 
The procedure is extraordinarily simple t o  accomplish. 
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